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** In this country of steamboats and locomotives, this work will be sought 
after and perused with more than ordinary avidity. A copy of i t sho uld be 
in the possession of every STEAMBOAT CAPTAIN, MANUFACTURER, 
and ENGINEBIR in the land, to say nothing of scientific men generally, — 
the amateurs, who are fond of the theory." — Inquirer and Courier. 

^^ The use of steam is becoming so general in this country by the multi- 
plication of steamboats, manufactories driven by steam, and railroads with 
their locomotives, that a work of this kind has become of general necessity; 
and the high sanction of Professor Renwick will doubtless render the pre- 
sent treatise a work of standard value." — N, Y. Com. Advertiser. 

*^The names of the author and of the American editor of this work are 
sufficient testimonials in themselves to its merits. It is of great value and 
interest" — Saturday Courier. 

** This is a most admirable work, and the unskilftil will find in it what 
they have vainly looked for in other treatises upon the steam engine, viz. — 
such an illustration as will enable them to comprehend the modus operandi.''* 
^U. S. Gazette. / 

^ As the object of Dr. Lardner was to make his book universally useful, 
and bring it within the comprehension, and adapt it to the tastes of all 
classes, he has purposely avoided all technicalities ; and his explanations are 
so simple and thorough, that they can scarcely be misunderstood. All who 
can read and think, may understand his clear Btflt and satisfactory descrip- 
tions ; and his work cannot fail to be generally profitable, as well to tbe pro- 
found as to the unskilful." — Saturday News. 
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putmeata. It has, besides the claims of a good, elemantarf nuunal, lbs 
merit of embracio): several of the moat ioteresticfr and important d^alt- 
tnents of Mechanics, appljinr to tbese the rules and principles embraced in 
the eailiei sections of tne work. 

•■ Queationi in Statics, Dpiamiea, Hydrostatics, HjrdrodTnamicB, &&, are 
treated with a clearnesB and precisian wbich must increase the powers of 
the student otbt bis own intellectaal resources b} the methodicsl habila 
which a perusal of such works calinat lail to impart 

** With respect to Eneineering, and the various incidents of that impor- 
tant proi^saion, much vuuable matter la conlained in this Volume ; and the 
results of many laborious series of experimenb are presented with oondsB- 
ness and aceiuacj." 

Idler fnm Auikt R Don, Prefator of Mathaiuaaii in tht CtUtgt tg 

JVno Jertti). 
" VhatM. CuiKi St, Habt, 

** Genllemenf— I am glad to learn that you have publiated an AmerioBn 
oditiaa of X>t. Gregory's ' Mathematics for Practical Men.' I hare for soilie 
time been acquainted with this work, and I esteem it highly. It contains 
the best digest, within my knowledge, of aach acientifio tracts and princd- 
plea, involved in the subjects of which it treats, as are msceptible of^ direct 
practice application. While it avaida auch details of imeatigation and pro. 
cas«ea of mathematical reasoning a> would render it uninlelligible to the 
general reader, it equally avoids Qie sacrifice of precision in its atatenuinl til 
•deotific resullB, which is too often made in popular treatises upon the 
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Mathematica and Natural Philosophy. The author has succeeded to a re- 
markable degree in collecting such truths as will be found generally useful, 
and in presenting them, in an available form, to the practical mechanic. To 
such, the work cannot be too strongly recommended; and to the student, too, 
it will often be found highly useful as a book of reference. 

" With much respect, 

•* Your odedient servant, 

"ALBERT B. DOD, 
" Professor of Mathematics in' the College of Ngw Jersey. 
""PrincetoTiy Nov, 11, 1834." 

Extract of a Letter from Edward H. Courtenat, Professor of Mathematics 

in the University of Pennsylvania, 

" The design of the author— that of furnishing a valuable collection of 
rules and theorems for the use of such as are unable, from the want of time 
^d previous preparation, to investigate mathematical principles — appears to 
have been very successfully attained in the present volume. The informa- 
tion which it affords in various branches of the pure and mixed Mathematics 
embraces a great variety of subjects, is arranged conveniently, and is in 
general conveyed in accurate and concise terms. To THE ENGINEER, 
THE ARCHITECT, THE MECHANIC— indeed to aU for whom results 
are chiefly necessary — ^the work will doubtless form a very valuable acqui- 
sition." 

Letter from Charles Davies, Professor of Mathematics in the Military 

Academy f West Point, t 

" Military Academy, West, Point, May 14th, 1835. 
<« To Messrs. E. L, Carey ScA. Hart,— 

" The * Mathematics for Practical Men,* by Dr. Gregory, which you have 
recently published, is a work that cannot fail to be extensively usefuL 

**It embraces, within a comparatively small compass, all the rules and for- 
mulas for mathematical computation, and all the practical results of mecha- 
nical philosophy. It is, indeed, a collection of the useful results of science 
and the interesting facts which have been developed by experience. It may 
sa&ly be said, that no work, of the same extent, contains so much informa- 
tion, with the rules for applying it to practical purposes. 
" I have the honour to be, 

** With great respect, 

" Your obedient servant, 

"CHARLES DAVIES, 

" Professor of Mathematics.''* 

Extract from a Letter from J. A. Miller, Professor of Mathematics in Mount 

St. Mary's College, Emmettsburg, Md, 

" Since the London edition of Gregory's Mathematics for Practical Men 
appeared in this country, it has bqen much used in this institution. The 
accuracy of its deflnitions, its beautiful systematic arrangement, the many 
simplified and fiicilitated methods which it proposes, and its highly practical 
character, must recommend it strongly to public patronage, as one of the 
very best works which have lately issued from the press. I have examined 
ydor edition of this valuable work sufficiently to say with confidence that it 
is very accurately printed. 



^ 



PRACTICAL TREATISE 



ON 



LiOCOMOf IVE EXOIXE^ 

UPON RAILWAYS; 



A WORK INTINDED 

To ihow the Construction, the Mode of Acting, and the Efiect of those Engines in 
conveying heavy Loads ; to give the Means of ascertaining, on an inspection of the 
Machine, the Velocity with which it win* draw a given Load, and the Results it 
will produce under various Circumstances, and in diflferent Localities ; to determine 
the Quantity of Fuel and Water it will require; to fix the Proportions which 
ought to be adopted in the Construction of an Engine, to make it answer any 
intended Purpose ; kA. 

WITH 

PRACTICAL TABLES, 

OIVINO AT ONCE THE RESULTS OF THE FORMULiB ; 

FOONDSD UPON 

A GREAT MANY NEW EXPERIMENTS, 

•Made on a large Scale, in a daily Practice on the Liverpool and Manchester Railway, 
with many different Engines, and considerable Trains of Carriages. 

TO WHICH IS ADDED, 

AN APPENDIX, 

SHOWIlfO THE EXPANSE OF GONl^ETHfG GOODS, BT LOCOMOTITE ENGINES, 

ON RAILROADS. 

BY THR^v^ 

CHEV. F. M. G>"']&E PAMBOUR, 

rORXXRLT ▲ STUDSMT OF THB BOOLE POLTTtCHKIQUE, LATE* OF THE ROTaL 
▲RTIUiBRT, OR THE STAIT IN THE PRBNCH SERVICE, KKIOHT OF THE ROTAL ORDER OF THE 

LEGION D'HOKNEDR, £TC. 

DURmO A RESIDENCE IN ENGLAND FOR 80IBNTIPIC PURPOSES. 



PHILADELPHIA: 
E. L. CAREY & A. HART. 



1836. 



^ LiBRARY 

j O? THE 

I LELANO STANFOkD JUNIOR 

l^ UNIVERSITY. 



V, 



r 



h y 71 



INTRODUCTION. 



There exists no special work on Locomotive Engines. 
Two writers, Wood and Tredgold,» have indeed, in Eng- 
' land, slightly touched upon that matter, but only in a sub- 
ordinate manner, in treatises on railways ; and, besides, 
they both wrote at a time when the art was scarcely beyond 
its birth. Consequently their ideas, their calculations, and 
even the experiments they describe, have hardly any jrela- 
tion to the facts which actually pass before our eyes, and 
can be of no use to such as wish to acquire a knowledge of 
these engines and their employ on railways. 

Many questions had not even been entered into, otben 
had been solved in a faulty manner. New researches on 
the subject became therefore indiqwnsable. This work will, 
in consequence, be found completely different from any- 
thing that has been published hitherto. No fads will be 
quoted, but such as result from actual observation; no ex- 
periments related, but those made by the author himself, on 
a new plan, and with new aims ; finally, no' theory exposed, 
but such as is derived from those experiments. 

If at first sight it appear astonishing, that no theory of 
.Locomotive Engines should exist, the surprise ceases on 
considering that the theory of the steam-engine itself, taken 
in general, has not yet been explained. It was natural to 

* " A Practical Trettiie on Bailroad^ ind InUrior Coimininication in 
g«nend,byirichalu Wood." tut editioa, London, 1835; 2d edition, Lon- 
don, 1832. 

" A. Practice Treatise on Kulrotda and Carriage!, by Ttiomu Tred- 
gold." London, 1835. 
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suppose, that, re9pecting a machine at present in such uni- 
versal use, and on a subject of such importance, everything 
had been said, and every explanation given long ago. Far 
from this being the case, however, not even the mode of 
action of the steam in these engines has been elucidated. 
In the absence of such indispensable knowledge, all theore- 
tical calculations were impossible. Suppositions were put 
in the place of facts. In consequence, we have seen very 
able mathematicians propose, on the motion of the piston in 
steam-engines, analytical formulae, which would cert^iinly be 
exact, if all things went on in the engine as they suppose ; 
but which not being founded on a true basis, fall naturally 
to the ground, in presence of facts. From this also results 
that, in practice, the proportions of the engines have only 
been determined by repeated trials, and that the art of con- 
structing them has proceeded hitherto in the dark, and by 
imitation. 

Locomotive Engines being first of all steam-engines, we 
cannot advance in the researches we undertake, without solv- 
ing at the same time the question relating to steam-engines 
in general. There is even a remarkable point to be ob- 
served, which is, that of all sorts of steam-engines, locomo- 
tive ones are those which in their application have to over- 
come the least complicated resistance, and the most suscep- 
tible of a rigorous appreciation. This circumstance renders 
them therefore more proper than any others, for furnishing 
an explanation of general facts common to all those ma- 
chines. The theory once satisfactorily established in re- 
gard to Locomotive Engines, will, of course, apply equally 
to all sorts of steam-engines, and more especially to those 
which, like locomotive ones, work at a high pressure. 

We flatter ourselves, therefore, that our researches, al- 
though apparently confined to Locomotive Engines, may at 
the same time illustrate the principal points of the theory of 
steam-engines in general. 

However, in order to indicate clearly the design of this 
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'Work, and to show Id what it differs from those that have 
preceded it, we think proper to enter here into some parti- 
culars as to the points on which we have new researches to 
offer, either theoretical or experimental. It will be seen 
that those points embrace nearly the whole subject. 

The pressure of the steam in the boiler, had been till now 
considered as invariable in every engine. It was calculated 
once for all, and by approximation, according to the weight 
on the valve. A great number of observations will show, 
however, how much it varies during the motion of the en- 
gine, and how necessary it is to take that circumstance into 
consideration, and to make use of a more exact mode of de- 
termination, lest the calculation should be entirely founded 
On an erroneous basis. 

On that subject there will be found in our work, an altera- 
tion we propose making in the present disposition of the 
spring-balance, in order that it may show the true pressure; 
and also the description of a portable instrument we suggest 
for superseding the mercurial gauge, and which may be 
adapted to any engme. 

The friction of the wagons was, until now, valued much 
too high. This error naturally rendered every calculation 
false, by misleading with regard to the true resistance over- 
come by the engines. A great number of experiments on 
wagons, with or without springs, alone or united in copside- 
rable trains, will show the real value of the friction. 

The resistance of Locomotive Engines was still an un- 
solved question. We have endeavoured to determine it by 
three difierent processes, which may serve to verify each 
other. 

The additional friction created in the engine by the load 
it draws, had never yet been submitted to any investigation. 
We shall present numerous experiments on that subject. 

The exact determination of the pressure of the steam in 
ihe cylinder, was necessary to explain the mode of action of 
Xiocomotive Engines, as well as that of steam-engines in 
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general, and to calculate the work they can perform in dif- 
ferent circumatances. The erroneous ideas admitted in that 
respeet, were the origin of all the faulty calculations, which 
experiment contradicted. We trust that the simple elucida- 
tion of that point will in a manner lay open the whole play 
of the engine. 

The evaporating power of the engines was an element on 
which no experiment had yet been made, which was not 
even introduced in the calculations, and on which, however, 
definitively depends the effect these engines are able to pro- 
duce. Experiments made on that subject, upon a great number 
of engines, will be found in this work. 

An analytical equation, that might be adapted to solve the 
general problem of Locomotive Engines, was entirely want- 
ing ; that is to say, an equation by which might be known a 
jorfori, either the effects resulting from the given proportions 
of an engine, or, vice versUj the proportions that ought to be 
adopted^ in order that predetermined effects in regard to load 
or speed may be obtained. The trials hitherto made to come 
to a solution of this question, being founded on a false prin- 
ciple, had produced formulae in evident contradiction with 
facts. A rule had even been adopted, according to which 
the practical power of an engine was considered as equal to 
the third part only of its calculated or theoretical power ; 
whereas, the whole applied power must evidently appear in 
the effect produced, and we shall see that it really does ap- 
pear in it. This imaginary rule is a suJQBcient proof of the 
error of the calculations that were used, and could only lead 
to disappointments in practical applications. Engines were 
constructed, but the effect that they would produce was un- 
known. By the introduction of a new element of calcula- 
tion, wrongly neglected until now, viz. the evaporating 
power of the engines, it will be seen that that question is 
solved in the most simple manner possible. From that 
equation, and simply by measures taken on the machine, the 
velocity and load of a Locomotive Engine may be imme- 
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diately found, and vice versa, the proportions which ought 
to be given to it, to make it answer any intended purpose* 
A great number of experiments, made in a daily practice, 
will show the accuracy of the formula. This is, at the same 
time, the theory of all high-pressure steam-engines. 

Several secondary dispositions of the mechanism of the 
engines had not yet been studied. It will^ however, be ^ 
seen 4hat they are apt to deprive the machine of as much 
as a fourth part of its power. The effects of these disposi- 
tions, s^nd in particular of that which is called the lead of 
theslidef will be submitted to calculation, and the results 
verified by special experiments. 

The resistance proper to the curves of the railway de- 
served also to fix our attention. We shall endeavour to fix 
accurately the form of the wheels, and the disposition of the 
rails, by which that resistance may most effectually be reme- 
died. 

The consumption of fuel according to the load had not 
been determined in a satisfactory manner, and the rule pro^ 
posed was contradicted by the experiment This question 
will be established in a different manner, and the results 
confirmed by facts. 

The researches on those points were made on twelve 
different engines, and numerous experiments were under- 
taken on each branch of the subject. 

The method constantly followed consists in taking, first, 
the primary elements of the question from direct experi- 
ment ; then making use of those elements to establish a cal- 
culation in conformity with theoretical principles; aady 
lastly, submitting the results to fresh and special experi- 
ments, in order to obtain their verification. For the further 
elucidation of the formulae, they are each time carefully sub- 
mitted to particular applications, and, finally, to extend |th^ 
use of the -work to persons who may wish to find the resultii 
without calculations, each of these fcMrmulae is followed by 
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practical tables^ suitable to the cases which occur the most 
frequently in practice. 

It does not enter into the plan we have traced ourselves, 
to give an elaborate description of the engine, nor the mea- 
sures of its different parts, except those necessary for the 
researches we undertake. Such considerations would lead 
us too far, and concern more particularly works on construc- 
tion. In like manner the figures added to our work, are 
only meant as illustrations of the text. They would be too 
imperfect for any other object 

The untrodden path in which we have been forced to 
enter, may have led us into some error. We by no means 
pretend to have produced a perfect work, and we claim in- 
dulgence for the mistakes which may have escaped us in so 
new a subject. Our chief aim was to be useful, while seek- 
ing a study congenial to our taste, and occupying the leisure 
of an inactive life. Early devoted to other pursuits, belong- 
ing to a family for several generations engaged in the mili- 
tary career, and the son of a General of Artillery, whose 
footsteps had naturally traced our direction, our studies 
would not have taken that turn, had we not been struck by 
the powerful effects of the moter we are going to describe 
and by the important part it must necessarily act in modern 
civilization. We thought our work would at least have 
this result, to call the public attention on the subject. We 
shall feel happy if we have succeeded in some of our re- 
searches; and happy also if others, in correcting our errors, 
shall at least elucidate the facts upon which we have called 
their attention. 

All the experiments related in the work were made by 
ourselvesj with all the care and attention they required. 
Some were made in company with engineers of known ta- 
lent and ability, as Mr. J. Loke, of the Grand-Junction 
Railway, and Mr. King, of the Liverpool Gas-Works. We 
give them in all their details, with a view that every one 
may judge of their accuracy ; and we mention the place and 
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date of each experiment, in order to facilitate their verifica- 
tion by referring to the books, on which is registered the 
weight of each of the trains. 

In regard to the facility we had of making these nume- 
rous experiments, we must say that, having applied to the 
heads of the most important undertakings of the sort in Eng- 
land, we were permitted, without restriction, to penetrate 
into the workshops, to take every measure, to collect all the 
documents concerning the expenses, and lastly, to make any 
experiment that appeared necessary to us. 

It is with pleasure we acknowledge in the English cha- 
racter the liberality we have found in the whole course of 
our investigations. 

To the friendship of Mr. Hardman Earle, one of the di- 
rectors of the Liverpool and Manchester Railway, we owe 
in particular our warmest thanks. His obligingness never . 
abated. Possessing all the qualities of an enlightened mind, 
he liked taking a part in researches which appeared to him 
conducive to the progress of science ; and he permitted us 
to use all the engines and wagons of the railway. The 
beauty of these engines, their number, which is not less than 
thirty, the care with which they are kept, and the immense 
trade on that line, which gives the facility, without interfer- 
ing with the business of the railway, to select loads for ex- 
periments as considerable and as light as one wishes, make 
tiiat place the only one, perhaps, in the world, where expe- 
riments on a great scale may be made with the same preci- 
sion as in general can only be obtained by a small apparatus. 
It is for that reason we preferred that railway to any other 
at present in activity, either in France or in England. 

The same facilities were also ofifered us by the directors 
of the Darlington Railway. Interesting documents concern- 
ing the repairs and expenses of all sorts, incurred by that 
^mpany, were obligingly communicated to us. We owe 
that obligation to the liberal authorisation of Mr. J. Pease, 

2 
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M. P.y chairman of the company, and to the unremitting at- 
tentions of Mr. Robert B. Dockray. 

We have studied the subject with all the interest, and, 
we might say, with all the enthusiasm it excited in us. In 
fact, what a subject for admiration is such a triumph of hu- 
man intelligence! What an imposing sight is a Locomotive 
Engine, moving without effort, with a train of 40 or 50 
loaded carriages, each weighing more than ten thousand 
pounds! What are henceforth the heaviest loads, with ma- 
chines able to move such enormous weights ? What are dis- 
tances, with meters which daily travel 30 miles in an hour 
and a half? The ground disappears, in a manner, under 
your eyes ; trees, houses, hills, are carried away from you 
with the rapidity of an arrow ; and when you happen to 
cross another train travelling with the same velocity, it 
seems in one and the same moment to dawn, to approach, 
and to touch you ; and scarcely have you seen it with dis- 
may pass before your eyes, when already it is again become 
like a speck disappearing at the horizon. 

.On the other hand, how encouraging is the evident ' pros- 
perity of those fine establishments. How satisfactory it is 
to acquire the proof that the Liverpool Railway produces 9 
per cent, interest, and the Darlington one an equal profit ! 
With what confidence must we not anticipate the future 
state of such undertakings, when we know that, besides the 
above-mentioned annual interest, the shares of the Liverpool 
Railway have risen, in four years,* from ^100 to je210 ; 
and those of the Darlington Railway, in eight years, from 
^100 to d^SOO ? What may not society at large expect in 
future from this new industry, which will augment, ten- 
fold, the capital and produce of the country, by the immense 
influence of speedy and economical conveyance ! 

* The first edition of this work appeared in French, in the beginning 
of 1835. 
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We shall in the course of the work make use of the follow- 
ing abbreviations : — 



Ton 




t. 


Pound avoirdupois - 




lb. 


Foot 




ft. 


Square foot 




sq. ft. 


Cubic foot - 




eft. 


Inch 


• 


in. 


Pound sterling 




£ 


Shilling - 


* 


s. 


Penny 


m m 


d. 
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LOCOMOTIVE ENGINES. 



, The plkn we intend to follow in the course of this work 
will^ we hope, render it both clear and methodical. 

We shall begin by the description of a locomotive engine; 
and we shall acquaint the reader with the means by which 
the pressure of the steam may be accurately measured, so 
that, before we go any farther, he will be able to see the 
elements from which the power of the mover we are to em- 
ploy is derived. 

Our attention will afterwards be directed towards the re- 
sistances which that mover must overcome in its motion, so 
that we shall successively endeavour to discover as well the 
resistance of the wagons, as that which belongs to the 
engine itself, either when it moves alone, or when it draws 
a load after it 

The3e points first established, we shall pass to the general 
theory of the movement of locomotive engines, and we shall 
lay down the formulae by which to determine, a priori^ 
either the speed the engine will acquire with a given load, 
the load it will draw at a given speed, or the proportions 
which are to be adopted in its construction to make it 
answer any intended purpose. 

After that, we shall have to consider several additional 
dispositions proper to the engine, which may exercise more 
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or less influence on the expected effect; and we shall then 
also treat of some external circumstances, the result of which 
may be of the same nature. 

Lastly, we shall speak of the fulcrum of the motion, or of 
the force of adhesion of the wheel to the rails ; and our last 
chapter will contain a calculation of the quantity of fuel re- 
quired for the traction of given loads. 

These inquiries will be sufficient to solve all the most im- 
portant questions concerning the application of locomotive 
engines to the draft of loads. 

They will sometimes be necessarily subdivided into se- 
veral branches, and require calculation and theoretical illus- 
trations, of more or less extent, though always plain aiid 
easy, and a series of experiments more or less numerous ; 
but we shall take care to maintain, all along our work, the 
classification we at present lay down. 



CHAPTER I. 



DESCRIPTION OF A L0CX)M0TIVE: ENGINE. 



ARTICLE I. 

I 

ENVMEBATION AND DESCRIPTION OT THE PARTS. 

Figure 1 represents a locomotive engine constructed on the 
most approved principle. Its mechanism is so simple, that 
a short description will be sufficient to explain its mode of 
acting. Whatever may appear unsatisfactory in this first 
sketch, will be cleared up by the particulars v^e shall have 
occasion to add in the course of the work. 

The principal parts of the engine are: the fire-place and 
boiler, which constitute the means of raising the steam ; the 
slides and cylinders which are the means of bringing into 
action the elastic force residing in that steam ; and the 
cranks and wheels, by means of which the motion is trans- 
ferred from the piston to the engine itself. When we have 
described those principal parts, we shall pass to some others 
of less importance, and then we shall fix the particular place 
each of those parts occupy in the engine. 

Section 1. — Of the Boiler, 

Figure 3 gives a complete idea of the boiler. 

It shows the body of the machine, composed of three dis- 
tinct compartments. The one to the right, or fronting the 
machine, and which is surmounted by the chimney C, is 
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separated* from the two others by a partition //. The two 
others together form the boiler. Both are filled with water 
to a certain height cd^ but part of their internal space is oc- 
cupied by the fire^ as will be explained. 

In the hindmost compartment is placed a square box e, 
which contains the fuel, or forms the fire-place of the ma- 
chine. Between the sides of that box and those of the com- 
partment in which it is contained, a space qq is left, which 
communicates freely with the remainder of the boiler^ and 
which is consequently filled with water. The inner box is 
supported in the compartment in which it is contained, 
and joined to it by strong bolts, having the advantage of 
giving solidity to that part of the boiler which, not being 
rounded, ofiers less resistance than the cylindrical parts. 

The fire-box e, being thus placed in the middle of one of 
the compartments of the boiler, would be surrounded on all 
sides with water, were it not for the aperture /, which forms 
the door of the fire-place, and the bottom, nn, of the box 
which is occupied by a grate, one of the bars of which is 
represented at nn» This grate is more plainly seen in 
fig. 4, which represents the same fire-box seen in front. 

Near the door /, and in the machine, is placed a strong 
supporting board, represented in fig. 1,. by BB. The use 
of this board is for the engine-man to stand upon. Directly 
behind the machine comes the tender carriage for coke ai^d 
water, so that it is easy for the fireman to throw coke in the 
fire by the door /, and to let water pass in the boiler when- 
ever it may be necessary. This supply of water takes 
place by means of a forcing-pump put in motion by the en- 
gine itself, and of which we shall speak hereafter. 

The lower part, n7i, of the fire-place is occupied, as we 
have said, by a grate, and remains consequently open, ad- 
mitting the external air required for the combustion of the 
fuel. The coke thrown into the fire-box, falls on the grate 
and is supported by it. When the fire is lit, and the door 
of the fire-box shut, the flame of the combustible remains 
confined in the fire-box. It would have no egress, if a num- 
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ber of small tubes or .flues t' e!\ the disposition of which is 
better seen in fig. 4, were not to lead the flame to the chim- 
ney /after passing through the whole length of the second 
compartment or cylindrical part of the boiler. 

From that construction it will easily be conceived, that 
the fire being shut up in the fire-box, and completely sur- 
rounded with water, none of its calorific parts are lost. Af- 
terwards, the flame, in its way to the chimney, divides itself 
among all the small flues we have mentioned. It crosses 
thus the water of the boiler, having a considerable surface in 
contact with it, and only escapes after having communicated 
to the water as much as possible of the caloric it contained. 
Once arrived at the extremity e" of the tubes, the flame is 
in the compartment of the chimney, and escapes freely 
through the chimney C. 

We see thus the heat applied herein two very distinct 
manners. All the water which surrounds the fire-box is in 
immediate contact with thd fuel, and consequently subject 
to the action of the radiating caloric ; on the contrary, the 
water which is placed in the middle compartment, receives 
its heat only from the contact of the flame and heated air 
which escape from the fire-box, so that it is exposed only to 
communicative heat. 

It may be necessary to observe here, that. the form oi a 
boiler, with tubes, a form to which is undoubtedly owing 
the surprising power of the present locomotive engines, is a 
French invention. This ingenious idea belongs to M. Se- 
guin, civil engineer and manufacturer in Annonay.* 

* M. Seguin's patent bears the date of the 22d of February, 1828; and 
it was not until April 25, 1829, that the committee of directors of the Li- 
verpool Railway called the attention of the English mechanicians towards 
locomotive engines, by proposing a prize on the subject. On October 
6, of the same year, 1829, and net before, appeared the Bocket engine of 
Messrs. Stephenson and Booth, the prindple and'^ven the form of which 
differ in no way from M. Seguin's patent We do not wish to detract from 
Mr. Booth's merit in having also conceived that happy idea. Kis not the 
first time that two ingenious persons have had the same thought ; but, by 
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Section 2. — Of the Jiction of the Cylinders, 

The second important part of the engine is the apparatus 
of slides and cylinders. Fig. 3 is also designed to show the 
disposition of this part. 

In the upper part of the boiler, that is to say, in the part 
occupied by the steam, there is a large tube VV, which is 
open at one of its ends and leads out of the boiler. It is by 
this tube that the steam is conducted into the cylinders. At 
V'y in the interior of the tube, is a cock or regulator, the 
handle T of which extends but of the machine. By turning 
that handle more or less, the passage for the steam may be 
opened or shut at will. 

The steam, being thus generated in great abundance in 
the boiler, and being unable to escape out of it, acquires a 
considerable degree of elastic force. If at that moment the 
cock y is opened, the steam, penetrating into the tube by 
the aperture Y, follows it t6 the Entrance v of the valve-box. 
There a sliding valve or, which moves at the same time with 
tho' machine, opens a communication to the steam succes- 
sively with each end of the cylinders. These are placed ho- 
rizontally at the bottom of the chimney compartment, where 
the passage of the flame and the sides o£ that compartment 
protect them against the condensating efiect of the cold air, 
and keep them in a proper degree of heat. 

The direction of the arrdws in the figure mark the line of 

the above-mentioned dates, it will be seen that the prior claim rests never- 
theless, with the French engineer. 

The hct may be easily verified in England, by looking for a descrip- 
tion of the patent in some of the following works, which are certainly to 
be found in the British Museum and other chief English libraries : .^n- 
nalea de VBiduutrie Frangctise d Etfwigire, ouBeeueil Sfidtutrid et Manu- 

faebMner^ annie 1828; Bulletin de la SocUU ^Encouragement pour P Indus- 
trie Natianakt annde 1828; DeaeripHon dee Machines d Prooidh eonsignis 

'dans les Breeds ^Inoention^ de Perfeetionnement d d* Importation, pubUie 
dfapr^ les Ordres du Minidre de^ fInUrieur d du Commerce. This last 
work we quote in advance, as it only g^ves the description of expired 
patents; H* Seguin's will not be mentioned until the year 1838. 
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circulation followed by the steam, from its entrance at the 
aperture V^ into the slide-box. In the situation in which 
the slide is here represented, passage 1 is open to the steam, 
and consequently the piston is pushed in the direction of the 
arrow. At the following instant, passage 2 will be open in 
its turn, and the piston will be pushed in the contrary way. 
When the steam has produced its effect, it passes in the tube 
v'y and is conveyed by it to the chimney, through which it 
escapes into the atmosphere. 

The introduction of the steam takes place at V, at a point 
purposely elevated, that the bubbling and jolting of the engine 
may not let the water of the boiler get in by the opening V. 

Section 3.— Q/* the Cranks and Wheels. 

The piston-rods being set in motion according to the fore- 
going explanation, and sliding in guides which prevent any 
deviation from a rectilinear horizontal motion, communicate 
a rotatory movement to the axle of the two hind wheels of 
the eneine. This transformation of the alternate motion 
into a circular one, takes place after the mapner of the com- 
mon foot spinning-wheels, by means of a crank in the axle. 
This effect is clearly represented in fig. 3. There the steam 
may be seen Xorcing alternately the piston backwards and 
forwards, and turning the crank yz^ and at the same time 
the axle and the wheel which is fixed to it. However, as 
in the motion of a crank, there are two points in which the 
alternate force that puts the crank in motion, has no greater 
tendency to move it in one direction than in another, which 
takes place whenever the radius of the crank happens to be 
on the centre, that is to say, in tlie direction of the alternate 
motion; the two cranks respectively corresponding with the 
two pistons, are placed at right angles to each other. By 
that means one of the two has always itd full effect whenever 
the other ceases to act, and the power of the engine never 
varies. The two cylinders being, as we have already said, 
placed beneath the boiler, the piston-rods communicate 
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directly under the engine with the above-mentioned cranks, 
as appears in this figure. The crank-axle being set in mo- 
tion, the wheels, which form one body with it, turn at the 
same time, and the engine is propelled in the same manner 
as a carriage which would be set a*going by turning the 
wheels round by the spokes. 

' The only fulcrum of the motion being in the adhesion of 
the wheels to the rails that support them, which adhesion 
causes them to advance instead of slipping round, it might 
appear doubtful whether, on such an even surface as the 
rails of a railroad, the engine could advance by means of the 
sole rotatory movement imparted to its wheels, particularly 
when the engine has to draw a considerable weight. But 
experience proves, that however slight the adhesion of a 
wheel to a well-polished rail may appear to be, as, on the 
other hand, the power required to draw a load on a railroad 
is very small, that adhesion is sufficient, and the engine pro- 
gresses, followed by its whole train. 

In ordinary cases, the adhesion of two wheels is sufficient; 
particularly with engines, the weight of which is distributed 
ao that the drawing- wheels bear about the two-thirds of it 
When a great power of adhesion is required, the four wheels 
are made equal. In that case one may, if necessary, connect 
the two wheels of the same side together, by metallic rods 
placed on the outside of the wheels. One of these connect- 
ing-rods is represented in fig. 6. C is the prolongation of 
the axle beyond the wheel. The crank-arm Co is fastened 
to that prolongation of the axle, and must necessarily turn 
with it. The point o is a ball and socket joint; m is a cot- 
ton-wick syphon, by which the oil is fed in the joint; nn 
are keys designed to lengthen or shorten the rod, which at 
its opposite end is joined in the same manner to the crank- 
arm of the other wheel. The natural result of this is, that 
when the wheel or the axle C turns, it carries along with it 
the crank-arm Co, and thus communicates the same motion 
to the other extremity of the connecting-rod, and by it to 
the crank-arm of the second axle. Thus the power of the 
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engine is communicated by the two hind wheeb to the two 
others^ and the engine then adheres by its four wheels. 

In order 'ihat, while in motion, the engine may not slip 
off the rail^ which^ we know^ are iron bars projecting above 
the ground, the wheels have, on the inner side, a flange that 
prevents any lateral motion. But as, on the other hand, 
that flange ought n6t to be in danger of constantly rubbing 
against the side > of the rail, the tire of the wheel is not 
exactly cylindrical; but slightly conical. Its diameter is a 
little larger on the side of the flange than on the outward 
side; the consequence of which is, that, supposing the 
engine were to be for a moment pushed to the left, the left 
wheel, resting on its broadest part, would pass over more 
way than the right wheel, and by that means bring the en- 
gine back to its true place between the rails. Wheels of 
such a form may be eieen in fig. 2r. 

Section 4. — Of the Safety Valves, 

The three preceding points form the foundation on which 
the action of the engine rests; the other parts are only 
secondary ones, that is to say, only designed to make the 
power produced by the former ones e£Scient. The boiler 
has two safety-valves E, F (fig. 1), one of which is sometimes 
shut up in a box, to put it out of the reach of the engine-man, 
and to prevent him from overcharging it, as he might be 
tempted to do in order to obtain from the engine a greater 
effect, even at the risk of damaging it. More commonly, 
however, that precaution is given up, qn account of its in- 
convem'ence. 

Section 5. — Of the Wiater-Oauge, 

» 

A gauge is likewise fixed to the machine to show at what 
height the water stands in the boiler. This gauge is a glass 
tube, mn (fig. 7), inchased at both its ends in two verrals 
oa, with cocks communicating with the interior of the 

4 



ItB CHAFTER U 

boiler and appearing tnitside, as may be seen in the figure. 
When the two etycka rr at top and bottom of the tube are 
cpcned, the MTiter penetrates into the tube and takes the 
same level as in the interior. The cock S is designed to let 
that water afterwards itin off. The use of this instrument 
iSf that the engine-man may know when it becomes neces- 
sary to let the apparatus be refilled from the tender. As, 
however, the tubes and other parts of the boiler begin to 
sufler, that ts to say, are apt to crack, when (he water gets 
too lowjn the machine, tiiere are, ibr more safety, on the 
side of the boiler, two and sontetimes three small cocks, 
placed at difierent heights; by opening which, one after the 
other, the level of the water in the interior may be still more 
posittvelj ascertained* If it be necessary to know at what 
hrii^t the water stands in the boiler, it is not less so to be 
certain of the real degree of elastic force the steam possesses; 
for, jshoidd that force not be sufficient, the engine would be 
unable to aoteoiplish its task: but as this point requires to 
be es^pbined ^ some length, we shall at a further period 
make it the suljeet of a chapter by itselil 

Section d. — OJtht Slides. 

We have another important object to clear up. We have 
said above, that the slide-valve admits successively the steam 
above and below the piston of each cylinder, the result of 
which is the alternate motion, source of the final progressive 
motion of the engine. The engine-man then having opened 
the regulator or cock that admits the steam into the pipes, 
the steam proceeds from the boiler through the tube v (fig. 8) 
to the valve-box, and, pressing with all its force on the up- 
per part ^ of the slidang-valve, compels it to remain in im- 
mediate contact wkh the plane in which it slides, while per- 
forming its motion. When the slide is in the situation in 
which it is represented in the figure, the steam takes the 
way marked 1, acts upon the piston, and pushes it in the di- 
rection of the arrow* In the meanwhile^ the steam under 



the piston escapes through the passage 2, which then com- 
monieates with the exterior^ by means of the aperture e. 
When this first efieet has been produced^ the slide, by meass 
of its rod ly is pushed in the position marked by the dotted 
linesw Then, on the contrary, it is the passagie 2 which is 
open to the steam coming from the boiler : it puj^s> conse- 
quently, the piston in the opposite direction to its first mo* 
tion ; while the passage 1, cpmmunicating in its turn with 
the aperture e, gives free egress to the steam that has pro* 
duced its effect. The alternate motion eontinues thus : the 
slide passing from one position to the other, by which it 
opens and shuts successively the passages, so that the steam 
may act alternately above and below the piston. The steam 
is afterwards led to the chimney, as will be explained here- 
after, there to augment the current of air by which it causes 
the draft of the fire. 

The motion of the slide is regulated so as to accompany 
the motion of the piston, but still to precede 'it by a very 
short instant: that is to say, that instead of opening the 
proper passage for the stroke of the piston just at the mo- 
ment the piston is going to begin that stroke, it opens it -a 
little beforehand. This is called giving a little lead to the 
slide. By that means, at the moment the piston begins its 
motion, the steam has already its full action upon it. We 
shall have occasion to come back to this point, when we 
shall see that this disposition, which is favourable to the 
speed of the engine, can be advantageously employed only 
within certain limits, beyond which it would be prejudicial 
to the load the engine is able to draw. 

Section 7. — Of the Eccentric Motion. 

The alternate motion of the slide is performed by the 
steam itself To comprehend this point requires some at- 
tention. 

An eccentric wheel is fastened to the axle, and, as this 
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turns, the eccentric, drawn along by its motion, pushes and 
draws alternately the rod of the slide. 

This effect is represented in figs. 9 and 10. The point O 
is the centre of the axle, of which the section appears hatch- 
ed. The point m is the centre of the eccentric, hatched in 
a contrary direction. The axle, in turning, draws the ec- 
centric along with it, and makes, consequently, the point m 
describe a circle round the point 0. In that motion the 
point TTiy passing successively to the right and to the left of 
the centre 0, must necessarily, by means of the ring nrty 
which encircles the eccentric, pus«h and draw alternately thcS 
shaft L, which acts upon the slide. 

On the other hand, the point C representing the extremity 
or throw of the crank of the axle, which is set in motion by 
the piston, it will appear that when the steam-pushing the 
piston from one end of the cylinder to the other, makes the 
crank revolvf half way round, the axle makes also the half 
of a revolution round itself; so that the point m describes 
the half of a circumference round the point 0, and conse- 
quently the eccentric pushes the shaft L, and by it the slide- 
rod /, from one of their extreme positions to the other. 

Thus placed, by this first operation, the slide now admits 
the steam on the opposite side of the piston. The piston 
then goes back, makes the axle revolve again half way round, 
whereby the slide is brought back to its original position, 
which suits the next stroke of the piston ; and so forth. 

The effect of drawing and pushing alternately the slide- 
rod by means of the rotation of the eccentric, is accomplish- 
ed by means of a metallic ring nn fixed at the end of the 
shaft L, and in which the eccentric- wheel turns, the surfaces 
which are in contact being smooth and lubricated with oil. 
By this arrangement, while the great radius of the eccentric 
passes in turning from one side of the centre to the other, it 
carries along with it the shaft fastened to the ring, and com- 
municates to that shaft the alternate motion. 

!by this it will be seen that the eccentric wheel acts here 
the part of a cbmmon crank, for transforming the circular 
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motion of the axle in an alternate motion applied to the slide, 
on the contrary principle to that which changes the alternate 
motion of the piston into a circular motion applied to the 
axle of the engine ; but the eccentric dispenses with the 
crank which would have been necessary in the axle. 

However, as by the disposition of the engine the slide-rod 
is not in the same plane with the axle, the eccentric does not 
communicate directly the motion to the slide-rod itself ; the 
motion is communicated to that rod by means of the cross- 
axle E, and the two arms EL' and E/' which are fixed to 
it; and the consequence is, that when the eccentric goes 
back, the slide-rod / advances, and vice versa^ as may be 
seen on the figure. 

A comparison between figs. 9 and 10, the difierence of 
which is a quarter of a revolution, will make the above-men- 
tioned effects perfectly intelligible. 

fiy examining the motion of the slide (fig. 10), it will be 
seen that, while passing from one of its situations to the 
other, and' when it happens to be exactly in the middle posi- 
tion, there occurs one instant during which all the passages 
of the steam are shut together. This effect takes place at 
the moment the slide changes the passages of the steam, and 
corresponds with the point where the piston changes its di- 
rection. This coiixcidence can only take place because, 
setting aside the little lead of the slide, the radius of the ec- 
centric is at right angles with the radius, of the crank. In 
fact, the slide is necessarily thus in its middle position, that 
is to say, changing the communications of the steam, at the 
same time as the piston is at the bottom of the cylinder, 
ready also to alter the direction of its motion. Tiys corre- 
lativeness of motions is clearly exhibited in the figure. 

The particular advantage of the eccentric being thus placed 
at right angles with the crank is, that the eccentric is in full 
action when the crank is on its centre, or the piston at the 
bottom of the cylinder, that is to say, that the slide is in its 
most rapid motion just at the moment that it is to open or 
shut the passages; which circumstance is necessary to pre- 
vent time being lost in the alternate effect of the steam. 
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Section 8. — Of the Drivers. 

Until now we have spoken as if there were only one AMCf 
but, having said there were two cylinders, it is clear that 
there must be a slide, and consequently an eccentric for eStch 
of them. On the other hand, the two pistons alternating 
one with the other in their motion, that is to say, acting 
upon two cranks perpendicular to each other, as has been 
explained, the radii of the two eccentrics must necessarily 
stand also at right angles with each other. This disposition 
may be seen in figs. II and 12, where the piece forming the 
two eccentrics is represented in front. To make it more 
clear, it is marked by hatchingsw 

This piece must, as has been said, move with and be car- 
ried along by the axle. However, if it were permanently 
fixed on tlie axle, its position might suit when the engine is 
to go forward, and not when it is to go backward; for it wilt 
be seen that, for these two motions, the eccentric must be 
fixed in two different positions. 

This piece is therefore loose upon the axle, like a pulley 
on its axis, but it can be fastened to it at will. To that effect 
its side-faces have two apertures or eyes, represented at O 
and 0'; and the axle itself carries two pins rr\ which are 
called drivers. The eccentric being placed on the axle 
between the two drivers, it is easy to push it by means of a 
lever, either against one or against the other, until it enters 
into the aperture designed for it ; so that, from that moment^ 
the eccentric may be drawn along by the axle* Moreover^ 
if these two drivers be placed in such a manner that one 
may suit to the progressive, and the other to the retrograde 
motion of the engine, we shall, by disengaging the eccentric 
from the one and carrying it to the other, be enabled to 
make the engine go either forward or barckward at pleasure. 
There is no difficulty in fixing the place that the eecentrie 
must occupy on the axle, either foi* the progressive (xt the 
retrograde motion. 
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' Let us suppose that, by pushing the engine gently along 
the rails, we bring one of the pistons to be just in the middle 
of the cylinder, ^and that precisely at the same instant the 
crank, on which the piston acts, is in its vertical position 
above the axle, as in fig. 3, it is clear that, to make the 
engine go forward, the steam must push the piston forwards, 
for then the piston will carry along with it, in the same di» 
rection, both the crank and the wheels; consequently the 
slide must admit the steam by the passage No. 1^ or be 
drawn forward as it is represented here, which, by referring 
to fig. 9, requires that the radius of the eccentric be horizon^ 
tal, and placed at the back of the axle. This is, therefore, 
the point at which th^ driver must fix the eccentric for the 
progressive motion. 

The engine remaining in the same position, let us sup* 
pose that we wish, on the contrary, to dispose it for the 
retrograde motion. The steam must arrive on the opposite 
face of the piston> that is to say, that the passage No. 2 must 
be opened to it, which suj^poses that the slide is pushed 
backwards, and consequently that the eccentric is in front. 
It IS therefore horizontally, and in the front of the axle, that 
the eccentric must be fixed by means of the driver. 

This is exactly the position of fig. 12. By observing the 
right hand crank, we see that while that crank is vertical 
and above the axle, the driver r on the right side, aniT the 
aperture that receives it, are behind, and hidden by the axle; 
consequently, the eccentric is horizontal, and in front; a po- 
sition which, as we have seen, suits a retrograde motion. 
The driver r is thus placed for the retrograde motion, keeping 
the eccentric in that position. 

If we now suppose, on the contrary, that the eccentric be 
pushed against the other driver r',*the corresponding aper- 
ture of the eccentric being at 0', that is to say not being in 
front of the driver, the consequence will be thai, the eccen- 
tric not stirring out of its place, the axle will be forced to 
turn half round before the driver can enter into the aper- 
ture. From this follows, that if we continue to examine the 
right crank, it will be found to have arrived under the axle, 
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while the eccentric will still be in front, which is the pbsi^ 
tion that suits the progressive motion ; for it is the ^ame as 
the one we have explained above, of thexrank being above 
the axle, and the eccentric behind. 

Thus, we see that the two drivers r' and r, in figs. 11 and 
19, being placed at right angles with each other, and with 
the clanks of the axle, are in a proper position ; one for the 
progressive, and the other for the retrograde motion of the 
engine. 

These two drivers being fixed on the axle, one on one 
side, and the other on the other side of the eccentric, it is 
clear that, by pushing that eccentric, by means of a lever, 
either on one or on the other of the two drivers, the efiect 
of the steam on the piston will immediately be to carry the 
engine either forwards or backwards, according to the 
driver with which it has been thrown in gear. The lever, 
which causes the change of position of the eccentric, is 
placed in such a manner as to present its handle within the 
reach of the engine-man on the board on which he stands. 

Besides these several dispositions, in order that the man 
who directs the engine may himself and of his own accord 
move the slides, independently of the motion of the axle, the 
shafts of the eccentrics are not invariably fixed to the slide- 
rods. They are only fastened to them by a notch L', figs. 
13 and 14. By means of a lever acting on tbe small rod 
m'o, the engine-man can raise the shaft of the eccentric and 
disengage it from the notch, as may be seen in fig. 14; then 
the slides are at liberty to move independently of the axle ; 
consequently, it is easy, by means of two handles represent- 
ed by PP in fig. 1, and connected with slide-rods, to give to 
those slides the required motion. 

Section 9. — Of the Water-Pumps. 

Under the body of the engine are two pumps jt?, fig. 1, the 
use of which is to replenish the boiler with water. Each of 
them is pfaced immediately under the piston-rod of each cy* 
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linder, and is worked by it Ektch pump sucks a part of the 

water of the tender into the cylinder of the pump^ and, on 

the other band^ forces it from the cylinder of the pomp into 

the boiler, in the usual way. By having two pumps the re* 

jjenishing of the boiler is secured, as, in case one of the two 

were to get out of order, the other may easily supply its . VV '■> 

place* j.:ii ....; 

The valves of these pumps are ingeniously made of asniall ^ V''^ 

metallic sphere, resting on a circular seat, on which it always 
exactly fits* Their action takes place by rising within a cy* 
Under, the sides of which are pierced with four apertures for 
the passage of the water. One of these valves is represented 
in fig. 15. The water is introduced through a from the inte- 
rior of the cylinder^ uader the spherical ball which it raises, 
and is difiused in the body of the pump by the apertures 5, b. 
This form of a Valve never misses its effect; and the pumps, 
which, in the beginning, were continually out of order, are 
free from that defect, since Mr. MeUing of Liverpool first 
introduced that sort of valve. 

Section 10. — Of the Steam-Regulaior. 

The regulator, of which we have spoken above, and by 
means of which the passage leading from the boiler to the 
cylinders may be more or less opened, is represented in figs. 
32 and 33. It sinciply consists of two metallic disks placed 
above and exactly fitting each other, both having an aper- 
ture of the same size; The inferior disk is immoveable, and 
shuts the pipe through which the steam escapes. The^ur 
perior disk is moveable, by means of a handle T, which pro- 
jects out of the engine; the stem r of the handle passes 
through the moveable disk, and enters the other in its centre, , 

so as to keep them both in a right position over each others 
In fig. 38, these two disks are di^inguished from each other 
by hatchings running a different way. By making the su- 
perior disk E, by means of the handle T, move circularly 
on the inferior disk, the two apertures may be brought to 

5 • . 
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correspond exactly with each other, as in fig. 32^ and then 
the passage is entirely open. If only partially moved, as 
represented by the dotted lines in fig. 33, the passage is only 
partially opened ; and when the two apertures do not cor- 
respond at all, the communication is completely intercepted: 
when the passage is thus shut, it is the steam itself that keeps 
the two disks in immediate contact with each other, by pressr 
ing with all its force on the superior disk. 

This regulator may also be constructed in a different way. 
It is sometimes made in the form of a common two-way 
cock, the steam coming from above ; but the preceding de- 
scription is the one most commonly used. 

Section II. — Of the joints or rubbing parts. 

In all the joints of any importance, the oil is fed without 
interruption by means of a cup, with a wick-syphon, placed 
above the joint as at m in fig. 6. This cup is made in the 
form of a school-boy's ink-horn, so that the velocity of the 
motion may not spill the oil; and there is at the bottom of 
it a small tube, penetrating to the entrance of the joint. A 
cotton-wick dipping in the oil of the cup passes in the tube, 
and, sucking continually the oil out of the cup, drops it into 
the joint without interruption. 

Section 12. — Of the Fire-Grate. 

The grate in the fire-place is not made of a single piece. 
It^ fornied of separate bars (fig. 31), which are placed next 
to each other at the bottom of the fire-place, where they are 
supported by their two ends. The advantage of this ar- 
rangement is, the facility it affords of replacing them indi- 
vidually by new ones, when they are worn out by the 
intensity of the fire, l^esides, if any accident should 
happen to the boiler, and make the water run off un- 
expectedly, thus endangering the engine, one may, by 
means of a crooked poker, easily turn the bars upside down, 
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and consequently extinguish immediately the fire by letting 
it fall on the road^ with the bars that supported it It is 
also thus that every evening the fire-box is emptied, after 
the engine has finished its work. 

.Section 13. — Of the places occupied by the different 

parts. 

We shall complete this description, by' showing on the 
whole engine as represented in figs. 1 and 2, the places oc- 
cupied by the different parts of which we have spoken. 
A, Part of the boiler containing the fire-box. 
BB, Stand for the engine-man and his assistant. 
C, Chimney of the engine. 
Dy Place of the cylinders. 

E, First safety-valve, with lever and spring-balance, as will 
be explained hereafter. 

F, Second safety-valve, constructed in the same manner. 

G, Glass-tube. 
H, Gauge-cocks. 

I, End of the eccentric-rod. 

3y Horizontal guides for the head of the piston-rod, so as 
to ensure its motion in the exact direction of the axis of 
the cylinder. 

K, Cross axle, communicating the motion of the eccentric- 
rod to the slide-rod, by means of the arms KL' and K/', 
which are fixed upon it (see figs. 9 and 10). 

L', Notch for throwing in gear the eccentric-rod with the 
cross^axle which works the slide-rods. 

MM, Rod by means of which the engine-man can raise the 
eccentric-rod, and throw it out of gear with the^cross-axle 
which works the slides. This is performed by means of 
the arms m and m' connected together. When the en- 
gine-man pulls the rod MM, he causes the arm m' to raise, 
and with it the small rod m' o', which lifts the eccentric- 
rod out of gear with the arm EL. 
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Ny Handle, by means of which the engine-man pulls the rod 
^ MM, so as to produce the aforesaid effect. 

PP, Handles to move the slides when they are thrown out 
of gear with the eccentrics. These handles, acting upon 
the cross-axle Q, move the cross-heads RR which are 
fixed to h. This motion is communicated by means of 
the rods SS to the cross-heads rr, which act upon the axle 
working the slides. 

T, Handle of the regulator, to open more or less the aper- 
ture through which the steam passes from the boiler to 
the cylinders.^ 

V, Steam chamber, or reservoir, in which the steam, is con- 
fined till it can escape through the aperture of the regu- 
lator, and penetrate into the cylinders. 

U, JVfan-hole, or aperture, closed by a strong iron plate, and 
large enough to admit a maki into the interior of the boiler, 
when necessary. 

XX, Iron knees, by which the boiler is fixed to the fraorie 
of the carriage. 

ZZ, Springs resting at aa on the chairs of the wheels, by 
means of vertical pins passing through holes in the frame 
of the engine. One end of the pin resting on the back 
of the spring, and the other on the upper side of the 
chair ; the whole weight of the machine is thus supported 
by the wheels, but through theintermediate action of the 
springs. 

Ad, Guides for the chair of the wheel to slide up and down, 
according as the spring bends more or less under the 
weight of the engine. The upper part of the chair is 
scooped out to form a small reservoir for oil. This re- 
servoir, as well as the above*mentioned cups, contains a 
tube and a syphon-wick, for fiseding constantly the oil 
upon the axle, at its rubbing point with the axle-box. 

e, Flexible tube made of ^hemp cloth, but supported within 
by a spring, and through which the water arrives from 
the tender to the pump of^tbe engine, when a cock fixed 
to the tender is opened. 
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pf Water-pump of the engine, "which is constantly set in 
motion by a connexion with the piston-rod of the corre- 
sponding cylinder, but which cannot force any water into 
the boiler, unless a cock which lets the water come in 
/rom the tender be opened. The cock is not marked on 
the figure. 

p', Handle and rod of the safety-cock of the pump, serving 
to ascertain whether the water really arrives in the Cylin- 
der of the pumpw This cock leads without, so that when 
it is open and the pump has its proper efifect, a small jet 
of water may be seen issuing from it, which shows that 
the .pump works right. 

etj Pad, stuffed with horse-hair and covered with leather, to 
deaden the shocks the engine may give or receive. 

fy Cock, by means of which the water that is sometimes car- 
ried from the boiler to the cylinder may be forced out by 
the effect of the steam. 

gj Opening made in the double casing of the fire-box, and 
closed by a screw-bolt In withdrawing this bolt, a clean- 
ing-rod may be introduced into the clouble-casing; and, 
by means of a forcing-pump, water may be injected with 
force, to cleanse out the clay sediment left by the boiling 
of the water. This cleaning is usually performed once 
a-week. 

A, (fig. 2.) Moveable plate, 1>I* door, opening the interior of 
the chimney compartment, by which the end of the tubes 
of the boiler, the cylinders, the slides, and the steam-pipes 
leading from the boiler to the slide-boxes, or from the 
slide-boxes to the chimney, are visible. This door is 
opened when it is necessary to regulate the slides, as we 
shall see hereafter. 
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ARTICLE II, 

OF THE FROFOBTIONS OF THE ENGINES. 

Section 1. — Of the Dimensions qf the parts Jroni which 
the power of the Engine is derived. 

Such is the construction of the locomotive engines em- 
ployed on the railway between Liverpool and Manchester. 
We have made use for oui^ experiments of no other engines 
but those. To give a complete idea of them, we have now 
only to state the dimensions of some of the parts, on which 
the power of the engine more especially depends, as will be 
seen further down. 

The engines on the Liverpool Railway may be ranked 
in five difierent classes, as follows : — 
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In the fifth class come the first engines used by the com- 
pany at the opening of the railway ; their cylinders are ten 
inches in diameter, and under ; the stroke of the piston, the 
wheels, and the weight of the engine vary accordingly. But 
at present they have nearly ceased to be used on the rail- 
way ; they scarcely ever undergo any repairs, and none of 
them will figure in our experiments. We need therefore 
not enter into any particulars concerning them. 
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Among the thirty-two engines that have been constructed 
for the company, and of which thirty are still in their pos- 
session, there are 

2 of 14 inches (diameter of the cylinder.) 
4 of 12 do. 

16 of 11 do. with a sixteen-inch stroke. 
2 of 11 do. with ah eighteen-inch stroke. 
The eight others are of inferior proportions, and rank in the 
fifth class which we mentioned above. 

They are all at the effective pressure of 50 pounds per 
square inch o& the boiler. 

In proportion as we shall make use of the engines, we 
shall state more particularly their names, weight, and 
power. 

Section 2. — 0/ the expression of the power of Locomo- 

tive Engines. 

k is by these dimensions that it is customary to express 
the power of locomotive steam-engines. We shall see in 
the course of this work, that to render that expression com- 
plete and really sufficient to show the effect of the engine, 
under all circumstances, two other elements ought still to be 
added to them, viz. the friction of the engine, and the evapo'- 
rating power or extent of heating surface of the boiler. 
However, such as they are, they give a tolerably exact idea 
of the power of locomotive engines. 

As to the mode used for stationary steam-engines, which 
consist!^ in expressing their power by the effect produced, 
and comparing it to the work a horse would perform, it is 
easy to conceive such a mode which is very deficient in all 
cases, as we shall see, is at all events not applicable to loco- 
motive engines, for the following reasons : — 
. 1. Because the power of a locomotive engine does not 
depend alone on the force residing in the steam ; it depends 
also on the weight of the engine, which produces a greater 
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or less adhesion of the wheels to the railsy and conseqaently 
the locomotion of a more or less considerable load. 

2. Because the engine must move at difiTerent rates of 
speed. Now, besides the weight of the load, the engine 
must also move itself along by overcoming its own friction. 
That friction, entering therefore as an invariable quantity in 
the resistance, from which it must always be first of all de- 
ducted, it limits, according to each velocity, the final power 
remaining in the engine as applicable to the load. The con* 
sequence of this is, that, if we were to express the power of 
the engine by the efifect produced, we would find that mea* 
sure dififerent at each degree of speed at which we would 
considejr the engine. 

3, Because locomotive engines moving three or four times 
quicker than horses can do, it would be but an unintelligible 
fiction to pretend to assimilate them to horses. 

Section 3.— Dimensions of the Fire-box and Boiler in 
twelve of the best Locomotive Engines of the Liver- 
pool and Manchester Railway, 

According to the remark we have made here above, and 
which will be confirmed in thq course of this work, ^ny ex- 
pression of the power of a locomotive engine becomes ima- 
ginary, unless its evaporating power, or the extent of the 
heating surface of its boiler, be given at the same time. It 
is, in fact, in the fire-box and boiler that resides the real 
source of the power of the engine. From thence results all 
the e£fect produced. The cylinder and other parts are the 
means of transmitting and modifying the power; but what 
could be their efieet, if that power itself did not exist ? 

To coniplete, therefore, the proportions already given 
above, we shall add here a table of the dimensions of the 
fire-box and boiler in the difierent engines to which we 
shall have occasion to refer. At a future period, our expe- 
riments will enable us to replace this complex expression by 
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the simple expression of the evaporating power of those 
same engines. 

The two most important columns of this table, are those 
which show the extent of surface exposed to the radiant 
heat of the fire, and to the communicative heat of the flame. 

It will be seen hereafter, that, with a boiler of those di- 
mensions and of such a form, the engines are able to evapo- 
rate about a cubic foot of water per minute, or a pound of 
water per second, at the efiective pressure iii the boiler of 
^0 lbs. on the square inch. ^ 

Comparing with each other the extent of surface exposed 
in each engine to the action of the heat, a great distinction 
must be, made between the surfaces exposed to the immediate 
and radiating action of the fire, and those which only receive 
the heat by communication, during the passage of the hot 
air from the fire-place ta the chimney. An experiment 
made by Mr. Robert Stephenson is mentioned in Wood^s 
work, p. 403, from which it appears that the two effects 
stand to each other in a ratio of three to one. Circumstances 
did not allow us to repeat the experiment. 

It was made with a boiler similar to those described above, 
but the upper part of which had been taken off, and the 
water exposed to the direct action of the fire, separated from 
that which receives only the communicative heat; the water 
was put into ebullition, and, after it had boiled for some 
time, the water that had been evaporated in each compart- 
ment ^vas measured. It was then ascertained that each 
square foot of surface exposed to the heat of the radiating 
caloric, had evaporated three times as much water as the 
same extent of surface exposed to the hot air. This propor- 
tion may be considered as sufficiently established by the ex- 
periment, in so far at least as regards a boiling apparatus, 
similar to those ^descri bed above. 
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Section 4. — Of Locomotive Engines of a different 

c6nstruciion. 

The description given above is applicable to the most 

powerful engines eonstructed until the present time. That 

form is exclusively adopted on the Liverpool and Manchef- 

ter Railway. 

On other lines, engines of dififerent construetions are to be 

found. The railroad from Stockton to Darlington being 
used for a different serviee, that is to say, for a more mode- 
rate speed, it may be proper to give here an idea of the en- 
gines used on that line. 

The company possess twenty^three locomotive engines 
of different models, from the oldest to the! most recent ones. 

In some of them the fire passes through the boiler in a 
single tube, which serves as a fire-box, and communicates 
directly with the chimney. In some others the tube bends 
round in the boiler before it reaches the other end, and 
comes back to the chimney, which, in that case, is placed 
next to the door of the fire-box. In others, the tube or flue, 
when it reaches the end of the boiler, divides and returns 
towards the chimney, as two smaller tubes. In some, the 
fire being still placed in an internal flue, the flame returns 
to the chimney by means of about 100 small brass tubes, on 
a principle similar to that of the Liverpool engines. lastly, 
three of them are constructed on the same model as those of 
Liverpool. 

The company carries both passengers and goods. The 
first travel with a speed of twelve miles, and the second of 
eight miles an hour. Of the different forms of boilers, those 
only with a set of small tubes suit for carrying passengers ; 
the others cannot generate a sufficient quantity of steam. 
But when a speed of eight^iniles per hour only is required, 
and for «n average train of tvi^rnty-four wagons, which, in 
going up the line empty, are equal to a load of about sixty 
tons on a level |;round, the most convenient hoijers bare 
been found to be those with onereturnLing tobe* They ge- 
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nerate a 8u£Bcient quantity of steam for the work required 
of them, and have the advantage of being cheap iq regard to 
prime cost and repairs, as their form is simple, and they are 
entirely made of iron, whilst the tube boilers require the use 
of copper. 

Besides the difference in the form of the boilers, the other 
parts of the engine differ also. The cylinders are placed on 
the outside, and in a vertical position. The motion is not 
communicated from the piston to the engine by a crank in 
the axle, but by a rod on the outside of the wheel, resting 
upon a pin fixed in one of the spokes. Those engines have 
in general six equal wheels, of four feet diameter each. Two 
of the wheels are worked by the cylinders, as has been just 
explained ; and the four others are, attached to the first by 
connecting rods, that cause them to act all together. 

The .weight of these engines varies. Setting aside the 
three which we have mentioned as being on the model of 
the Liverpool ones, and which weigh only about five tons 
and a half, the average weight of the others is from ten to 
twelve tons. 

All those engines are supported on springs. In some of 
the older ones, the water of the boiler, pressing upon small 
moveable pistons, and pressed itself by the steam contained 
in the boiler, was intended to supersede the springs \ but 
though that system displayed a great deal of ingenuity, the 
spring it formed was found in practice to be too variable, 
and the system was given up. 

The usual proportions adopted for the engines on that rail- 
way are the following : 

Cylinder . - - . 14J inches. 

Stroke - ... 16 — 

Wheels ... - 4 feet. 

Weight - . - - 11 tons. 

Effective pressure - - 48 lbs. per square inch. 

The pressure, however, varies according to the ascertained 
solidity of the boiler. When the sheets of which it is formed 
begin to grow very thin, the pressure is sometimes reduced 
to 36 lbs. only per square inch ; in other circumstances, it is, 
on the conti^ry, increased to 60 lbs. 



CHAPTER II. 

OF THE PRESSURE IN STEAM ENGINES. 



ARTICLE I. 

OF THE PRESSURE CALCULATED ACCORDING TO THE LEVER9 

AND THE SPRING-BALANCE. 

Section 1. — Of the principle on which that calculation 

is founded. 

When an elastic fluid is confined in a closed vessel, it pro- 
duces in every direction on the sides of the vessel a pressure, 
which is the result of its elastic force, and which gives the 
exact measure of that force. If, the vessel being already 
filled with steam, a fresh quantity is continually added, the 
elastic force of the steam will augment more and more, and 
consequently also the pressure it produces on every square 
inch of the surface of the vessel. Now, if at one point of 
the vessel there bean aperture, closed witha moveable piece 
supporting a certain weight, it is clear that, as soon as the 
steam contained in the vessel produces upon the moveable 
plate a pressure equal to that of the weight which holds it 
down in the opposite direction, the plate will begin to be lift- 
ed up ; the passage will then be opened, and the steam es- 
caping through the aperture, will show that its pressure was 
equal to the weight that loaded the plate or valve. 

It must, however, be obsei»ved, that the resistance which 
opposea the egress of the steam does not consist only in the 
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weight that has been placed on the valve. Besides that 
weighty the atmosphere produces also on the valve a certain 
pressure, as well as upon every body with which it comes 
in contact. That pressure is known to be equal to 14.7 lbs, 
per square inch. It is therefore the weight, added to the' 
pressure of the atmosphere, that gives the real measure of 
the clastic force of the steam ; while the weight alone re- 
presents only the surplus of the pressure over the atmo- 
spheric pressure, or what is called the effective pressure of 
the steam. Consequently, when a valve has a surface of five 
square inches, and supports a weight of 250 lbs., which, di- 
vided between the five square inches, gives a resistance of 
50 lbs. per inch, that amount of 50 lbs. expresses the effec- 
tive pressure of the steam, a valuation frequently made use 
of on account of its convenience for calculation, whereas, 
64.7 lbs. is the real resistance opposed, and therefore the real 
pressure of the steaih. 

This is the principle on which are established the m^ans 
of judging the amount of pressure in locomotive engines. 
However, as those engines are required to work with at 
least 50 lbs. effective pressure per square inch, and as, in or- 
der to give passage, if necessary, to all the steam generated 
ID the boiler, a valve must not have less than 2\ inches dia- 
meter, or 5 square inches surface, it follows of course that if 
a weight is to be applied directly upon the valve, it must be 
equal to 250 lbs. Such a weight would afterwards render it 
very difficult to lift up the valve with the hand, which ir^ 
quently becomes necessary in the working of the engine, 
and particularly to ascertain whether the valve may not have 
contracted an adhesion to its seat which would make it use- 
less. 

It was therefore necessary to produce the pressure by 
means of a lever; for, if we suppose the lever divided in the 
proportion of 5 to 1, a weight of 50 lbs. suspended at the 
end will be sufficient to produce the required pressure with- 
out the disadvantage of having a considerable weight to 
move. But, on the other hand, as, in the rapid motion of 
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the engines; a weight suspended at the end of a lever was 
found to be continually jerking, and consequently opening 
and shutting continually the valve, the weight was replaced 
by a spring, and that is the manner in which the valves are at 
present constructed. 

Section 2, — Of the Levers and Spring-Balance. 

It will easily be conceived that no exact calculation can 
be established of the power of locomotive engines, without 
knowing exactly the pressure of steam in the boiler, which 
is the intenseness of the propelling force of the motion. If 
we were to depend on the nominal pressure of the engine, 
that is to say, the pressure declared by the constructor, great 
mistakes might be incurred : for it sometimes happens that^ 
with a view to give a locomotive engine the appearance of 
executing more than others, though at the same pressure, its 
pressure is declared to be 50 lbs. per square iiich, whilst it 
really is 60 or 70 lbs. Moreover, the calculation of the press- 
ure is generally so incorrectly made, that scarcely any de- 
pendence can be placed upon it. 

We have therefore been obliged to make a particular study 
of that part of our subject. 

We shall first give the manner of ascertaining the pressure 
by weighing and measuring the different parts of the valve 
apparatus, in case one should have no mercurial gauge. We 
shall afterwards show the cause of some mistakes which may 
be incurred by using that mode of calculation, and which 
are avoided by using the mercurial steam-gauge. Lastly, we 
shall point out the uncertainty to which also that instrument 
16 liabk, and we shall propose another to be used instead of it 

We have said, that, to produce on the valve a great press- 
ure without being encumbered with a considerable weight, a 
lever is employed. M (fig. 16) being the boiler, and S the 
valve, C is a fixed point to which is fastened one of the ends 
of the lever BC. The lever presses at the point A on the 
valve by means of a pin,, and at the point B it supports a 
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weight, or to speak more accurately, it is drawn by a spring 
equal to a given weight. 

The diameter of the valve, the proportions of the lever, 
and the weight suspended at the point B, or at least the 
weight represented by the tension of the spring being given, 
it will be easy to deduce from them the pressure resulting 
on each square inch of the surface of the valve. And, vice 
versa, it will also be easy to know what weight ought to be 
applied to the point B, in order to produce at A a given 
pressure. For, if P represent the weight suspended at B, 

that weight will produce on A a pressure P'x ttt which' will 

consequently be the whole pressure produced on the y^lye ; 



'/•• 



P><AC^>.'-5 



and if S represent the surface of the valve in inches 

s.: 
will be the pressure produced on each square inch of the sur- 
face of the valve. 

The levers and valves used by the different constructors of 
engines vary considerably in their proportions. But among 
those proportions there is one, first used by Mr. Edward 
Bury, of Liverpool, which possesses an uncontested advan- 
tage over all other combinations of that sort. It consists in 
taking for the proportions between the two branches of the 
lever the ratio of the area of the valve to the unit of surface. 
By that means the weight P suspended at B gives immediate- 
ly the pressure produced on the valve per unit of surface. Sup- 
posing it should be required to establish a valve of 2^ inches di- 
ameter, which make very nearly 5 square inches surface, and 
that, in consequence, the ratio between the two branches of the 

BC 1 

lever has been taken as 5 to !> that is to say, that Tp-="^» P 

expressing the weight suspended at B, it is clear that the 

BC ' ■ 
pressure produced at A will be P >< T7r=^P* This will, there- 
fore, be the total weight on the valve, and the surface of the 
valve being 5 square inches, the weight or pressure per inch 
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5 P 
will be -g-= P« The same would take place if, having a valve 

3 inches in diameter, which gives 7 square inches for the 
surface, the ratio between, the branches of the lever were to 
be taken as 7 to 1. . ' 

We have said that, to the weight which ought to be sus- 
pended^at the end of the lever at B, is substituted the equi- 
yalent pressure of a spring. This spring is a spiral, which 
foy being more or less compressed, is able to support in equi- 
librium, and consequently to represent larger or smaller 
weights. In other words, it is a spring balance, such as is 
used for weighing in daily occurrences. 

This balance consists of a rod T (fig. 16) which is held in 
the hand, aiid to which is fastened a plate with a narrow ob- 
long aperture in it. Behind this plate, and in a cylindrical 
tube, is a spring, the foot of which rests on the basis L, 
which is fixe4 to the plate. At its other end, this same 
spring is pressed by a moveable transverse bar mn. At the 
bottom of the apparatus is a rod P, to which are fastened the 
objects that are to be weighed. The prolongation of the bar 
mn projects through the aperture of the plate, and is termi- 
nated by an index which appears on the outside, and which 
slides up and down the aperture, in proportion as the spring 
is more or less compressed. Divisions are engraved along 
that same at)erture.4 In order to mark them, known weights 
of 1 lb., 2 lbs. &c., are successively suspended at P, and ac- 
cording as those weights^ by pressing on the spring, cause 
the index to rise, the corresponding divisions are marked. 
The consequence of this is, that when an object of unknown 
weight is suspended at P, and makes the index rise to the 
point marked 10, that is to say, to the same point to which 
a known weight of 10 lbs. made it rise, we conclude thait that 
object also weighs 10 lbs. This is the sort of balance which 
is used for measuring the pressure in locomotive engines. 
We see that, by taking it off from the engine, and suspend- 
ing known weights to it, the divisions may easily be veri- 
fied, after the balance is gradtiated. 
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ported by the lever^ the balance ought to be taken to pieces, 
and the. spring with its rod weighed separately. However/ 
this operation may be avoided by taking the balance in one's 
hand, and suspending it in the contrary direction in which 
it is placed in the common act of weighing, that is to say, 
with the foot above and the rod below ; the weight marked 
by the index will then be equal to the difference between 
the weight of the rod and spring, and the weight of the foot 
If, therefore, the total weight qf the balance be known, 
which is easy, by placing it in the basin of a common pair of 
scales, the weight of each of its paiis may easily be cal- 
culated, and consequently also the weight of the rod and 
spring. 

In fact, the degrees having been marked on the balance 
when in its usual situation, zero was inscribed at the point 
where the index stood when the spring bore no weight at 
all, or .more exactly when it only bore the weight of the 
foot Afterwards fresh weights were successively added, 
and for each of them the corresponding number was in- 
scribed on the plate, always omitting the weight of the foot, 
which in fact ought not to be reckoned. The numbers in- 
scribed on the plate represent, consequently, the real tension 
of the spring, less the weight of the foot of the balance. 
Now, by turning the balance upside down, the spring is 
drawn by the weight of the rod and spring which it then 
bears. If it had borne a weight equal to that of the foot, 
it would have marked zero; if, therefore, it marks 2 lbs. or * 
3 lbs., the rod and spring weigh 2 lbs. or ^Ibs. more than the 
foot. 

Supposing thus : B to be the total weight of the balance, 
T the weight of the rod and spring, and P' the weight of 
the foot ; if the balance turned upside down shows m weight, 
we shall have 

m «= T— P' ; 
but, on the other hand, the weight of the balance is equal to 
the weight of its two parts, or 

B = P' + T: 
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adding therefore together these two equations, we find 

B + m=2T,orT=?-i^. 

When the valves have a leader of 15 inches only, the ba- 
lance used weighs generally 4lbs., and when turned upside 
dbwn, it marks li lb ; so in that case the weight of the rod 
and spring is 

T = ii^i^= 2.75 lbs., 
2 

which is the weight to be added at the end of the lever ; 
that is to say, to the weight already marked by the balance. 
When the valve has a lever of 3 feet, the balance requires 
smaller divisions. It usually weighs only 2 lbs., and, turned 
upside down, marks li lb., which gives in that case for the 
weight of the rod and spring 

T=^^t±l 1.751b.: 

I 

adding therefore those weights to those marked by the in- 
dex of the balance, and taking besides into account the 
weight of the lever, as mentioned above, we shall then have 
the real pressure produced by the whole apparatus on the 
valve. Dividing it by the area of the valve, the result will 
be the pressure effected upon each unit of surface. 

Fron^ this we see that, with a long lever, the error of 
pressure per square inch may amount to 7 lbs. or 8 lbs., and 
that, even with a short lever, it may be 3 lbs. or 4 lbs., which 
is still considerable. 

Keeping the preceding notation, that is to say, P being 
the weight shown by the index, T the* weight of the rod 
and spring, L the weight of the lever, weighed as mentioned 
above, and D the weight of the disk, lastly, BC and AC 
being the arms of the lever, and S the surface of the valve 
in square inches, the preissure produced per unit of surface 
will be • T- -i 
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It is for not having taken these considerations into ac- 
count that we find so often on locomotive engines spring- 
balances, which are supposed to be fixed at 50 lbs. pressure 
per inch, but which are really fixed at 55 lbs. or 60 lbs. We 
shall soon have frequent occasion to apply and verify these 
principles, which by that means will be rendered perfectly 
clear. 

Section 4.~0/'Me Mitre of the Valves. 

These are not the only causes from which errors may re- 
sult. There are two others which are frequently met with 
in the valuation of the pressure of locomotive engines, and 
which are not so easy to correct as those we have just men- 
tioned. 

In order that the valves may exactly close the opening to 
which they are applied, without being subject to contract an 
adhesion with the seat that supports them, it is necessary to 
make them slightly conical, or at least with a slanting border. 
When these valves rest upon their seat, which they com- 
pletely fill, it is very clear that the steam can only act upon 
their inferior surface ; consequently, the area we have here 
above expressed by S, must be taken after the ir^ferior dia- 
" meter of the valve. By calculating in that manner, the 
exact pressure will indeed be found for every case in which 
the valve still touched the seat, or, if raised at all, was only 
so for an instant, or in a very small degree ; but whenever 
the steam, being generated in greater quantity than it is ex- 
pended by the cylinders, escapes with force through the 
valve, it raises considerably the disk of the valve ; the con- 
sequence then is, that, instead of acting on the inferior sur- 
face of the valve, it evidently acts on a greater surface, and 
which is the greater the more the valve is raised. For in- 
stance, in fig. 20 it acts on the surface cd instead of acting 
on ab. In that case the area S ought to be calculated on cdy 
and not on ab. But how are we Vo know cd^ unless we cal- 
culate it by the rising of the valve, which is a very difficult, 
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if not an impossible, operation ? Moreover, the difficulty is 
complicated by the circumstance that, from a to 5 the pres- 
sure of the steam acts directly to raise the valve ; but from 
e to a and from bXod the action of the steam takes place only 
in a lateral direction, and according to an angle, which varies 
in proportion as the valve is more or less raised. 

The effect of this alteration in the diameter of the valve, 
which at first sight appears to be of very small consequence, 
is in fact very considerable. Let us suppose, for instance, 
that we have a valve of 2.50 inches diameter at the bottom, 
and 3 inches at the top, of which we shall find several ex- 
amples hereafter. Let us further suppose that, by the 
effect of the blowing of the steam, the valve has been raised 
so as to have increased its real diameter only by one eighth 
of an inch; that is to say, that it is become 2| inches instead 
of 2i inches, or 2.625 inches instead of 2.50 inches. The 
surface of the circle being expressed by iied^, where d 
stands for the diameter and ^= 3.1416, the proportion of 
the circumference to the diameter, the surface of the valve, 
which was at first 

i X 3.1416 X 2.5 = 4.91 square inches; 
has become 



i X 3.1416 X 2.625 = 5.41 square inches. 
Consequently, if we suppose the total weight supported 
by the valve, including the levers, rod, disk, &c., to be 245 
lbs., that weight, when the valve is shut, will represent a 
pressure per sqiiare inch of 

245 ^^,, 

= 50 lbs. 

4.91 

and when the valve is raised, that same weight will only 
represent a pressure of 

245 ,, „ 
-— = 45.27 lbs.; 

0.41 

by which we see that the same weight marked by the 
balance corresponds to very different pressures of steam, 
when the valve is shut or when it is raised. 
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Continuing, in the case of a blowing-valve, ^to calculate 
upon what is called the diameter of the valve, that is to say, 
on its inferior diameter, an error wiH thus be committed of 
5 lbs. pressure per inch, which error might be still greater 
if the raising of the valve should happen to be more con- 
siderable. Moreover, as there is no practical means by 
which to learn by how much the diameter of the valve is 
augmented by the raising, the consequence will be that the 
mode of calculation explained here above, even with the 
corrections we have made, will apply exactly to those cases 
where the valve just begins to be raised, or lets scarcely any 
steam escape; but the greater the raising, the more the calcu- 
lated amount will surpass the real pressure. We shall see 
hereafter examples of this. 

But still this is not all. If the pressure of the steam in 
the boiler must be deduced from measurements taken on the 
engine, it must also be observed that it frequently happens, 
in order to make the construction more easy, that the mitre 
of the valve is made to join the sides of its seat only within 
a certain breadth, as may be seen in fig. 21. The conse- 
quence is, that the surface abj or the inferior part of the 
valve, which has been measured, is not the surface upon 
which the pressure is divided. The real diameter in this 
case is cd. If therefore there be between ab and cd a differ- 
ence, for instance, of one-eighth of an inch, this difference 
may produce, as well as in the case of the raising of the 
valve, a difference of 4 to 5 lbs. in the pressure. Mistakes 
may be avoided in that respect, by measuring not only the 
inferior diameter of the valve, but also the diameter of its 
seat. There still, however, remains the blowing of the valve, 
the exact appreciation of which escapes all manner of calcula- 
tion. 

The mercurial gauge, which we are going to describe, is 
the means of avoiding both causes of error; but that instru- 
ment is expensive, and as yet so scarce, that in all the 
factories and on all the railways, except the Liverpfx>l one, 
there is at present no other mode of ascertaining the pressure 
than those explained above. 
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ARTICLE II. 

OF THE MERCURIAL STEAM-GAUGE. 

Section 1. — Construction and tcse of the Mercurial 

Steam-Gauge, 

The calculations we have macje may be sufficiently exact 
for a great number of cases. Still they present some degree 
of complication that makes them inconvenient; besides, 
they cannot be made without measuring and weighing dif- 
ferent parts of the engine, which operations require time 
and care, and can only take place when the engine is at rest. 
We may therefore easily conceive the great utility of an 
instrument which at first sight, and by its bare inspection, 
will give the exact measure of the pressure of the steam. 
By means of such an instrument, all cases, even those of the 
raised valve, present no longer any difficulty, and the ne- 
cessity of calculation itself may be dispensed with. The 
only thing required is, the possibility of submitting the 
engine to the proof. 

The instrument used with that view is, the mercurial 
9teani-gauge, constructed on the same principle as the com- 
mon barometer. • M bm (fig. 18) is a tube containing mer- 
cury, which ought not to rise above the two points M and 
m. FG is the water reservoir. It must dot contain water 
above the cock E, the use gf which is to get rid of the sur- 
plus of water that may have been produced by condensation 
on some former experiment. R is an opening closed by a 
cock, and through which mercury or water may, when 
wanted, be introduced into the instrument. Lastly, C is an 
ajutage on which a tube is screwed, the other end of which 
reaches the boiler of the engine. This tube is flexible, and 
usually made of tin; it forms the communication of the mer- 

8 
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curial gauge with the engine. At the point where it reaches 
the engine, it is screwed on an ajutage Axed to the boiler, 
and kept close by a cock. 

To prepare the instrument for use, an additional quantity 
of mercury is poured into it by the aperture R, in order to 
be sure that the instrument contains mercury at least to the 
height Mm. Aft^r this the screwbolt M is unscrewed, so 
that if there happen to be too much mercury it may run off. 
When this is done the screwbolt is replaced, and an addi- 
tional quantity of water is also poured through R into the 
reservoir FG, aad^ should there be too much, it-also runs 
off through the cock E. Then the instrument is put in 
communication with the boiler. The steam, arriving 
through the tube C in the upper part of the reservoir FG^ 
presses on the water by virtue of its elastic force; it conse- 
quently presses the mercury down in the branch M6, and 
ma^es it rise in the branch mb which is open at the top, 
until the weight of the mercury, thus raised, is equal to the 
pressure of the steam issuing from the boiler. A float borne 
on the surface of the mercury, at the point m, rises in pro- 
portion as that surface rises in the tube; and an index sus- 
pended to a thread which passes over a communication- 
pulley Pj falls between the two tubes in proportion as the 
mercury rises in the branch brrif and shows upon a gra- 
duated scale the variations that occur in the level of the 
mercury in the different experiments. Supposing the 
length of the instrument from M to 6 be 6J feet, or 78 
inches, the ascending column may, if necessary, contain 156 
inches of mercury; and as a column of 156 inches of mer- 
cury with a basis of 1 square inch weighs about 80 lbs., 
such a column may serve to measure an effective pressure 
amounting to 80 lbs. per square inch. 

The reservoir FG is a cylinder 3 inches in diameter and 
6 inches high. The use of the water it contains is to keep 
the branch Mb constantly full of water, in proportion as the 
mercury descends in that branch. This is the reason why 
that reservoir is a great deal larger than the tube, and its 
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capacity is calculated so as to be able, in case of need, to fill 
the whole branch. If this precaution were to be omitted, 
the water formed by condensation in the instrument dur 
ing the experiment would fall in the tube, which being 
very narrow, having, for instance, no more than one-half 
square inch area, the water would immediately rise, in it 
to a considerable height, and cause by that means* a sur- 
plus of pressure which would make the result false. But 
by means of the reservoir FG, the condensation-water, ip 
proportion as it is formed, is divided over a surface of 7 
square inches, on which, consequently, It 'produces an im- 
perceptible difference in height. As it is known that the 
pressure of the water on the unit of surface depends solely 
on its height, the consequence of this arrangement of the in- 
stmment is, that the surplus of the pressure caused by the 
condensed steam is so small, that it may be neglected with- 
out any inaccuracy. 

To graduate the scale of the Instrument, we may begin by 
marking first the point zera For this, the mercury and the 
water being poured in, as said above, the two branches must 
be left to communicate freely with the atmosphere, and the 
point where the index stops will be the point sought, for 
that is the position which the float naturally takes when the 
branch M5 bears no more than the atmospheric pressure. 
If the two branches of the bent tube were to contain no- 
thing but mercury, it is clear that the point corresponding to 
zero in the rising branch would be at m, as the mercury 
would in that case stand on a level in the two branches. 
Instead of that, the mercury in the branch M supports a 
certain weight of water, that is to say, the weight of the 
column EM; it will consequently tend to descend in that 
branch and to rise in the other. However, if the float is 
made to weigh as much as the column oT water, the level 
will remain the same as if there were only mercury in both 
the branches. 

The other extreme point of the scale must afterwards be 
marked. Let ^ be th^ pressure we want to equilibrate; 
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supposing the equilibrium established, let x be the height at 
which, by virtue of that same pressure «, the mercury will 
stand above its natural level in the branch m. The mercury 
having risen in the branch m to the height x^ it must have 
fallen by an equal quantity in the other branch ; for the 
mercury added on the one side can only proceed from what 
has been taken off on the other. The mercury in the branch 
M will therefore at the same time be at the point sc'y and the 
whole part of that branch from the point x* to the point M 
will be filled by the water from the reservoir. If through 
the point x* we draw an horizontal plane, the mercury 
which is under that plane will equilibrate itself in the two 
branches; we have therefore nothing to do with it, and need 
only consider the conditions of equilibrium for those parts 
which are above the plane in the two branches. Now, we 
have on the one side the pressure « more the weight of a 
column of water high Mar' = x; and on the other side, we 
have a column of mercury high 2x more the weight of the 
atmosphere. P being the weight of the column of mercury, 
P' that of tlie column of water, and p that of the atmosphere, 

we shall have, there being an equilibrium 

ft 

P + P = P' + -cr, or P =: P' + (ttf— p). 

('s;^— p), which is the surplus of the real pressure of the 
steam over the atmospheric pressure, is called the effective 
pressure^ and in all high pressure steam-engines it is this 
which is to be considered. The bolumn of mercury, the 
weight of which we have expressed by P, having for its 
basis the basis of the tub^ which we shall express by 5, and for 
its height the height 2a;, its volume will be 2bx ; ^repre- 
senting the density of the mercury, 2Sbx will be the mass of 
the whole column, and g expressing the accelerating force 
of gravitation, 2g8bx will be weight ; that is to say, that we 
shall have 

P = 2g8bx. 
By the same reason S' being the density of the water, the 
weight P' of the column of water will be expressed by 
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g^!hXf its basis being also b^ and its height M;r' =a x. But 
the denifity of the water being expressed by 1, that of the 
mercury is expressed by 13.568; thus we have 

or J'' = 



5 "" 13.568 "" 13.568' 

and consequently 

ghbx 
13.568' 

On the other side, the effective pressure (zar — p), in what- 
ever manner it be expressed, may be replaced by the weight 
of a column of mercury, that would produce the same pres- 
sure on the basis b. If then h be the height of that column, 
which it is easy to calculate, we shall have 

^— .p = gdbh; 
and the equation of equilibrium will thus be ^ 



J -it 



or 



a: (2^* 7--—-,) =3 A, 
V 13.568/ 

This equation gives 



J *' 



SI. •/• 



, 13.568 - «. «.*^*« V J ' • f - 

^ = * ^ 26:136 = ^ ^ «-"«*3- '-^^-'■- ;.. 

The height A o£ a column of mercury, which may re- ,/ .< \'^' 
present a given pressure, is easily found; for we know that ^ 

a column of mercury, one inch high, presses on its basis at 
the rate of 0.4948 lb. per square inch. The height. of any 
other column may thus be proportionably calculate^. If, 
for instance, we wish it to represent a pressure of 70 lbs. , 
its height will be found by the following proportion : 

lb. in. lbs. 70 in. in. 

0.4948 : 1 : : 70 : A = -,' ■ X 1 = 141.47; 

0.4l^4o 

SO that this value of A, x will be 

X = 141.47 in. X 0.51913 := 6 ft. li in.; 
that is to say, that to correspond to an effective pressure 
of 70 lbs., the height of the mercury must be 6 foiet H 
inches. 



f. 
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The same calculation is applicable to any intermediate 
point that may be sought^ but it woufd be unnecessary 
trouble; for, knowing the point corresponding to zero, and 
that which corresponds to' the maximum pressure of the 
instrument, we have only to divide the interval into equal 
parts, and the scale will be suitably graduated, haying 
seen that the general value of x depends solely on the cor- 
responding value of A, and is proportional to it. 

This mercurial gauge being once constructed and gradu- 
ated, whenever any doubt may be entertained in regard to 
the pressure of an engine, nothing more is necessary than to 
bring it under the instrument, and by that means the pres- 
sure may be ascertained, in whatever state the valve may be 
at the time, whether blowing or not. 

» 

Section 2. — Of the pressure of the Steam in Locomo- 
tive Engines while travelling. 

When we make use of the mercurial gauge to discover 
the pressure during an e:speriment, attention must be given 
to a circumstance we are going to describe. If, the valve 
once regulated, the engine were to keep an equal pressure of 
steam during its whole journey, nothing more would be 
wanting than to try it once for all before starting. Having 
fixed the valve at the point at which we wish to work, the 
engine might be brought under the instrument; and the 
pressure being determined that corresponds to that point, 
provid^ no other alteration be made to the spring-balance 
of the valve, the pressure of the engine for every instant of 
the journey would be known. 

It is thus that many persons calculate, whether or not use 
has been made of the mercurial gauge. When they have 
found that an engine lifts up its valve exactly at 50 lbs. ef- 
fective pressure per square inch, that very moment the valve 
is considered as giving a free egress to the steam, and it is 
concluded thence that the steam will never rise above 50 lbs. 
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unless the valve undergoes an alteration. Experience, how- 
ever, proves that this reasoning is false. 

If we observe a locomotive engine with some attention, 
we shall very soon see that nothing is more variable than 
the pressure of steam in its boiler, although the valve has 
undergone no alteration. If the engine runs rapidly with a 
moderate train, and comes to a slight inclination of the road, 
however sjpall that inclination may be, it immediately pro- 
duces a considerable increase of traction, because th^ gravity 
of the whole mass on the inclined plane becomes an addi- 
tional resistance for the engine ; and the effect of this in- 
crease of traction will be so much the more perceptible on 
the engine, the less the resistance was which the train offered 
when on the level parts of the road. It is thus that a load of 
one ton, which on a level road requires a traction of 8 lbs. 
only, presents nearly four times as much if it has to ascend 
an acclivity of -j^, the gravity of one ton or 22.40 lbs. on 
that inclination being ^^jl^ = 22.40 lbs. The consequence 
of that sudden increase of resistance is therefore that the en- 
gine, as soon as it arrives at the foot of the inclined plane, 
must diminish considerably its velocity. Supposing that in 
its preceding course it spent 480 cylinders of steam per 
minute, and in consequence of the accidental obstacle it must 
overcome, it is obliged to reduce its velocity to one-third of 
what it was before, it will evidently spend no more than 
160 cylinders per minute; nevertheless, the fire violently 
excited by the preceding course will continue to generate 
the same quantity. That steam, it is true, will be spent at 
a greater pressure ; but experience shows that the surplus of 
pressure does not balance what is generated too much. The^ 
valve will therefore begin to emit an enormous quantity of 
superfluous steam, which in order to escape will raise the 
valve ; but if we observe that the valve cannot rise without 

• 

pressing on the spring, and consequently without augment- 
ing the tension of the spring, we will find that the steam can 
only escape by increasing its pressure ; and, in fact, the 
pressure will immediately rise on the balance several pounds 
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per square inch, in proportion to the violence of the fire and 
the construction of the engine. How great then is the er- 
ror committed by continuing to calculate the effective pres- 
sure at SO lbs., because we suppose that the valve giving way 
at that point cannot suffer the steam to rise above it. 

When the steam, in escaping, raises the valve to a given 
height, the greater the balance-lever is, the more the index 
will be displaced on the scale, and, consequently, the greater 
will be the increase of tension of the spring; thus, in en- 
gines with a long lever, the augmentation of the pressure 
will be, caeieris paribus, more considerable than in those 
where the lever is shorter. 

We shall soon see that the Atlas engine, which has a 
short lever, with a valve of 2i inches diameter, is able, 
while overcoming difficult obstacles, to raise its pressure 
from 53 lbs. to 56 lbs.; and that the Furt engine, which has 
a long lever, with a valve of d inches in diameter, is able, in 
the same circumstances, to raise its pressure from 53 lbs. to 
62i lbs. These variations in the pressure depend, in each 
engine, in the first place, on the augmentation of the resist- 
ance created by the obstacle or the diminution of the speed ; 
and, in the second place, on the dimensions of the valves, 
levers, and balances, and the evaporating power, that is to 
say, the quantity of steam generated by the engine. 

This increase of pressure in locomotive engines, when 
they meet obstacles that compel them to diminish their ve- 
locity, gives the engines with long valve-levers considerable 
advantage over those with short levers, whenever it is ne- 
cessary to ascend an inclined plane. This advantage, it is 
true, is only gained by submitting the engine to a higher 
pressure, and might also be acquired with short lever en- 
gines by lowering the screw of the spring-balance, so as to 
increase the pressure in the boiler in the same proportion ; 
but the fact itself would evidently seem the proof of a su- 
perior working, and would even be inexplicable, were we to 
look upon the pressure as never passing 50jbs. 
The variations in the pressure which we have just men- 
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tioned, take place while, the engine is travelling, that is to 
say, while it is separated from the mercurial gauge. There- 
fore, ff an engine h^s been working in a given circum- 
stance^ or with a known load, and that we want to ascertain 
at \vhat pressure it was then working, we must write down 
exactly, during the experiment, the degrees successively in- 
scribed oh the balance; then, when the engine has left ofif 
working, we bring it under the mercurial gauge, and by ani- 
mating the fire sufficiently to make the balance repass 
through all the same degrees through ^hich it rose during 
the work, and by observing at the same time the mercurial 
gauge, we find for each of those degrees the corresponding 
pressure. That is the means we employed in our experi- 
ments. 

We brought successively under the instrument all the en- 
gines we had made use ofj and for each of them, as, they all 
differ in some point from one another, we determined the 
corresponding degrees of the mercurial gauge with the di- 
visions of the spring-balance. 

Section 3. — Experiments on the Pressure of Steam in 

the Locomotive Engines, 

As those experiments serv6 to illustrate the foregoing 
principles, as they give the amount of the effect prod ucedt)y 
the mitr^ and the additional parts of the valves, and as they, 
besides, are the foundation of some of the calculations we 
shall make on the engines, we shall here give an account of 
some of them. 

I. Atlas ; valve 2.i inches in diameter; mitre 2| inches, 
cut with a slant in the middle of the breadth of the valve, ai^ 
may be seen in fig. 22 ; levers 3 inches and 15 ikiches, or in 
the proportion of 1 to 5 ; second safety valve, similar to the 
first, but fixed at too high a pressure to blow in any of the 
experiments. • 

The engine being brought to the mercurial gauge^ on the 
15th July, 31st July, and 6th August, 1834, gave the corres- 
ponding degrees as follows : 
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Corresponding^ presMurs 
Degrees of the balance. per square inch, 

bjr the mercurial gauge. 
lbs. 

^ «« ^ w ^S 

- 15.25 

15^0 

" • - • 0i5J79 

- 2655 
27.50 

- 2475 
25.25 . 

- 25.75 

26.25 

- 27 
- •• « - >io»25 

- 33.50 

34JfO 
. - - .35 

37.50 
. 38 

54 

- 54.50 
55 

- 55 

55.50 

In the first series of those experiments the degrees of the 
balance were taken with the valve resting on its seat, at 
least as much as possible, that is to say, the valve emitting 
scarcely any steam. To obtain this, the engine was brought 
to the gauge when its work was finished, at the moment 
when the fire diminishing rapidly, the pressure also de- 
creased continually, so that the blowing at the valve became 
gradually less, and at last ceased almost completely. In pro- 
portion as the pressure indicated by the mercurial gauge 
was diminished, the screw of the balance was loosened, in 
order that it might continue to show the inferior pressures 
that were produced. 

The degree corresponding to zero on the balance, could 
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10 




11 




20 




20.25 




90.75 




22.50 
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20.25 




20.50 




22 




23 




2375 




25 




30 




30.25 




30.50 




33 




33.25 


No. UL 


5155 




51.50 




51.75 




52 




52.50 
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not be taken exactly ; the balance baring already faHen « 
little below zero when the index marked- 4 lbs. 

In the second series of experiments the engine was, on 
the contraly, taken at the moment when the screw of the 
spring-balance being loosened on purpose, the boiler con- 
tained steam at 20 lbs. pressure only. By forcing the fire 
and tightening by degrees the screw of the balance, the 
above-marked degrees were produced, and the correspopding 
numbers of the steam-gauge inscribed. We hare seen, that 
in the first series all the degrees were taken with the valve 
resting on its seat. Here, on the contrary, the pressure, 
augmenting rapidly in the boiler, raised continually the 
valve, so that all the degrees were taken with a blowing- 
valve. However, as the screw of the balance was tightened 
in proportion as the pressure increased, the blowing was 
never very considerable, and scarcely ever showed above I 
or 2 lbs. on the spring-balance. 

In tbe third series, the engine was in its usual working 
state; that is to say, the spring-balance marking 50 lbs 
when the valve was shut by pressing upon the lever with 
the hand, and the valve rising beyond that point by the 
blowing of the steam, as far as the force of the steam was 
able to push it. As the screw was not tightened in propor- 
tion as the pressure augmented, the valve in this last case 
was raised much higher than in the preceding one. 

By examining the first series, we see that, in those expe- 
riments, the- pressure by the mercqrial gauge is equal to the 
pressure marked by the spring-balance, \vith an addition of 
5 lbs. 

In the second series, we have only 4 lbs. to add to the de- 
grees of the balance. 

And in the third series, only 3 lbs. 

Those difierences are easily explained by referring to the 
preceding principles. 

The valve-lever of this engine, when weighed at the place 
of the valve, as explained above, gave 7i lbs. ; the disk of 
the valve weighed 10^ ounces ; which makes for those two 
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objects together 8.14 lbs, weight, directly applied on the 
valve. 

Besides, the total weight of the balance was 4 lbs., and 
turned upside down it marked half a pound, which gives for 
the weight of the rod and spring 

ii^ = 2.75 lbs. 

This weight of 2.75 lbs., acting at the end of the lever, 
must be multiplied by the length of the lever. So that the 
whole addition to be made to the tension marked by the 
spring, is 

2.75 X 5 SB 13.75, effect of the rod and spring at the end of the 

lever. 
8.14, weight of the lever and disk of the valve. 



Sum 21.89 
And as the diameter of the valve is 2i inches, which gives 
a surface of 4.91 square inches, those 21.89 lbs. divided per 
unit of surface or square inch, give 

^)^« 4.46 lbs. 
4.91 

So that the real pressure surpasses by 4 or 5 lbs. that 
which results from the spring of the balance. 

This result applies to the valve resting on its seat, that is 
to say, in taking its diameter at 2^ inches, which jgives us 
for its surface in square inches, and consequently for divisor, 
4.91; but as, by the effect of the blowing, the effective area 
of the valve is augmented, we must not be surprised, if, by 
a moderate blowing, this addition of 5 lbs. be reduced to 
4 lbs., and even to 3 lbs. for a valve that blows violently. 
If, for instance, the calculation is applied to a pressure of 
52 lbs. marked at the balance, we shall have 

(52 + 2.75) X 5 » 273.75 effect of the weight suspended at 

the end of the lever, including 
the rod and spring. 
8.14 lever and valve. 



281.89 total pressure. 
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Whicbf divided by 4«9I square inches, gives for each 
57.41 lbs* 

But in reality the corresponding point of the mercurial 
gauge is only 55 lbs., the blowing must therefore have aug- 
mented the real area of the valve to 5.13 square inches in- 
stead of 4.91, that is to say, must have brought its real 
diameter to 2.55 inches, instead of 2.50 inches. 

So it is an addition of 7^ of an inch to the diameter of a 
valve of 2.50 inches, that has been sufficient to produce the 
difference of 2i lbs. we observe here. That is the effect of 
the blowing of the valve, which as we see is considerable ; 
and it can only be known by the mercurial gauge, and not 
by any measures taken on the engine itself. 

II. Vesta; valve 2^ inches diameter; lever 3 inches and 
36 inches, or in the proportion of 1 to 12. Second valve of 
the same diameter as the first, with a lever of 2j inches and 
15 inches, or in the proportion of 1 to 6, marking 50 on the 
balance, and giving issue to the steam at the same time as 
the first, but so difficult to move, that 5 lbs. more by the 
mercuriial gauge causes no motion in it This engine 
brought to the mercurial steam-gauge on July 28, and 
August 5, 1834, in the same manner as the •dtlas, gave the 
following results: — 



No. I. 



the spring-balance. 

llM. 


Ccxrresponding pressure 

per square inch, 

by the mercurial gauge, 
lbs. 


8.50 


24 


9 . . 


. 24.50 


9.5a 


y 26 


10 . 


. 27 


10.25 


. . 28 


10.50' - 


. 29 


10.75 


30 


12 . 


- 31.50 


12.25 • - 


. 32 


12.50 . 


- ,*W 


12.75 - - - 


: 34 


13.25 - 


- 35 
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Corresponding pressure 
Degrees of the spring-balance. per square inch, 

by the mereurial gauge, 
lbs. • lbs. 

13.50 - - - - 36 

13.75 . - - . ' . 3r 

14 - - - . . 38 

No. U. 20 starting point of the valve. 

21 - - . - -50 
21.25 - - - . 51 
21.50 - - - - « 52 

22 • • > » • 53.25 

22.25 54 

22.50 . ... 55 

The experiments of the first series were made as much as 
possible with the valve resting on its seat; that is to say, that 
the screw of the spring-balance was tightened in proportion 
as the pressure augmented^ so that there was scarcely any 
blowing. 

For^those of the second series^ the engine was brought to 
the mercurial gauge in its usual working state, with the 
spring-balance at 20, when the lever is pressed upon to shut 
the valve, and the degrees observed are those that result 
from the blowing of the steam beyond that point; that is to 
say, that those degrees are taken with a valve rising from 
degree 20. 

The valve lever of this engine being divided in the pro- 
portion of 1 to 12, every weight inscribed on the spring- 
balance produces on the valve a pressure 12 times as great. 
The surface of the valve is 4.91 square inchesv Multiplying 
therefore the degrees of the balance by 12, and dividing the 
produce by 4.91, the pressure resulting from the springs 
considered by itself, will be obtained. That calculation is 
generally considered sufficient. 

If the results thus obtained be compared with the cor- 
responding degrees of the mercurial gauge In the first series 
of experiments, it will be found that those results are always 
hclow the real pressure by 3 lbs. or 4 lbs.; this must there- 
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fore be the effect of the weight of the additional parts that 
we are considering. 

In fact, the lever of this engine^ reduced on purpose hy 
the constructor, weighs 1.5 lbs. at the place of the valve. 
The disk of the valve weighs 10 ounces. The balance is 
not placed in its usual position ; it is turned upside down, 
so that the lever, instead of supporting the rod of the 
balance, bears only its foot. The weight of this foot is 
0.25 Ib./for the whole balance weighs 2 lbs., and when sus- 
pended with the rod downwards it marks 15 lbs., which is 
the surplus of the weight of the rod over the^ weight of the 
foot; wherefrom results that the weight of the foot is, as has 
been said, 0.25. 

So that the addition owing to ihese different objects is 



« lbs. 



Weight of the lever and disk of the valve - - 15.60 

Effect of the foot suspended to the lever 0.25 lb. X 12 - 3.00 



Sum - 18.60 

This additional weight divided over each square inch of 
the surface of the valve make^ 3.8 lbs., so that the calcula- 
tion in the case of the valve resting on its seat is verified. 

As for the cases of a blowing- valve, or those of the second 
series, the fact shows that the real pressures are less than 
they would be with a valve resting on its seat by 4 lbs. or 
5 lbs., no other means existing of discovering that difference 
than by the mercurial gauge ; so that if we had calculated 
the pressure in this case in the same way as in those of a 
valve resting on its seat, that is to say, by dividing the 
whole weight over a surface of 4.91 inches, or a valve of 
2,50 inches diameter, we would have reckoned 4 lbs. too 
much in each case. It happens here that when the valve 
is considerably raised, the reduction, owing to the blowing, 
compensates at last for the addition required by the weight 
of the lever, disk, and balance-rod. 

These examples prove how faulty would be any calcula- 
tion of power or effect of engines, the real pressure of which 
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Iq the &mt seriea of experiments with the Leeds, the 
blowijjg pf tt)e valve was from the degree 28 to the degree 
31 of the spring balance. In the second series of the same 
engine it was from 31 to 36, which is considerable* In the 
third series it was less^say 32 to 34. It is therefore in that 
third series that we find the smallest reducing effect of the 
mitre. 

The experiment of the Vvlcash is the common working 
state of the engine. 

In the experiments of the Fury, there are two different 
effects of mitre as well as in thos^ of the Leeds. 

In consequence of the weight of the levers and balance- 
rods of these three engines, the addition to be made to tfie 
effect of the tension of the spring is 7 lbs. per square inch ; 
but, on the one hand, the blowing, and on the other, the cir- 
cumstance of the seat of the valve not fitting the valve en- 
tirely, produce the reductions we find here. That circum- 
stance explains the anomalies those experiments apparently 
present. 



ARTICLES III- 

OF A NEW SPRING-BALANCE AND MANOMETER. 

Section 1. — 0/ a proposed Modification to common 

Valves. 

All the fpr^oing calculations are as many proofs of the 
difficulty of acquiring a knowledge of the real pressure of 
the steam by the inspection of the spring-balances, so as 
they are at present constructed, and the mistakes that must 
necessarily ooc^r, whenever we have no mercurial gauge at 
our disposal. 

Of 
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These difficulties might evidentfy be aveided by ftdopytmg 
a new disposition for the valve, of whieb^ during cmf stay 
in Liverpool in t\^ month of July 1834^ we left a drawing 
with one of the directors of the railway eonnpany. 

The fiilcrum of tlie lever must be plaeed beiweefv the 
valve and the spring-balance/ as in fig* 17, and the balance 
suspended by its rod as in common weighing ;• besides, the 
long branch of the lever must equilibrate round the fuleruia 
C, with the short branch more the disk of the valve, whi<;h 
can be easily effected by augmenting a little the breadth of 
the shortest lever, or by putting some additional mass of 
metal under the valve. Lastly, the proportion between the 
two branches of the lever must be the siame as, that of the 
area of the valve to the unit of surface, and the seat of the 
valve must be fitted to it exactly. 

By means of this simple disposition, it is cleaa* that the 
degree inscribed on the balance will show immediately^ a^id 
without any calculation, the effective pressure which takes 
place in the boiler. In fact, I. The spring-balance being 
placed in ils usual situation, in which the weight of thd foot 
P is taken into account, no addition will be requirec^ for tke 
weight either of the foot or the rod. 2,- The two pat*fs of 
the lever equilibrating with each other, there will be ui^ ad- 
dition required for the weight of the lever or the valve. 
Lastly, the branches of the lever, bearing to each other th^ 
proportion of the area of the valve to the unit^ any number 
inscribed on the balance WiU represent an equal pressure on 
the unit of surface of the valve.^ 

Thus this valve wiU dispense with all calculation, andwi41 
show iqfimediately written on the balance, the real pressure 
per square inch. It will exactly answer the conditiOfl» re*- 
quired of a valve^ which is intended only to limit the pra.<^ 
sure; that is to say, that if we fix it at 50, we may be certaiiH . 
without any calculation or considerations whatever, tbet tke 
steam will raise it precisely at 50 lbs. pressure per squall 
inch. This is all that is commonly required for the business 
of a railway, Where the proprietors only wish, thvoug)) pru* 
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one wishes to employ for measuring the pressure. This 
valre, while tending to rise, acts against a lever AG, the op- 
posite end of which is kept back by the pressure of s^ spiral 
spring, forming a common spring-balance. The two branches 
of this lever are equal, and their reciprocal weight, including 
the disk of the valve for the corresponding side, equilibrate 
exactly round the fulcrum C. Lastly, the point S is ia^ten* 
ed by a screw to some part of the boiler, in order to give 
solidity to the whole. 

The instrument beibg thus fastened to the engine, and the 
cock opened, the steam will aet against the valve^ and the 
consequence of the dispositions we have explained will be^ 
that the inspection of the balance will immediately give the 
real pressure per square inch. In fact, by the position of the 
balance^ there is no addition to be made for the weight of the 
rod or foot; the equilibrium of the lever renders also 
unnecessary any correction for i\B weight;' and lastly, 
the two comnnyn valves of the engine giving issue to the 
surplus of the steam, the valve A will never blow. The 
screw may thus be. lowered, until the balance equilibrates 
exactly the pressure of the steam, by which means no effect 
of mitre will complicate or falsify the result 

The facility with which th^ real pressure may be found, 
without being obliged to XD4rke purposely a second experi* 
ment; the accurateness of the observation, the steam not 
having a long passage to make before it arrives at the in- 
strument; the advantage the instrument presents of being 
carried with the engine^and, when necessary,, fastened to 
any other engiae ; lastly^ ita low priee, whereas the mercu- 
rial steam-gauge is very expensive: all those reasons com- 
bine to persuade us that this manometer may be of some use* 
With it, all the difficulties we met with ia our experifnents 
would immediately have disappeared. It may, besides, also 
serve to determine the pressure, as well in locomotive en^- 
gines, as in any other high or low-pressure steam-engines. 

The accurateness of the instrument may easily be verified 
once for all; 1, by measuring ibe valve wham separated from 
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the engine; 2y by examining whether the lever equilibrates 
of itself on the fulcrum ; 3^ by taking the balance off and 
suspending known weights to it, to see whether they coin- 
cide with the divisions. 

Section 3. — Comparative Table of the different Modes 
of eoepressing the Pressure of Steam. 

'To complete what has been said in this article, ahd to 
facilitate to the reader the converting of the different mea- 
sures of pressure, which we shall be obliged to make use of 
in the course of our work, we subjoin here a table of the 
diiOTerent modes of expressing the pressure of the steam. 
We have calculated it' by half atmospheres, but the interme- 
diate degrees may be easily filled up. 



COMPARATIVE TABLE OF THE DIFFERENT MODES OF 
EXPREI^ING THE PRESSURE OF THE STEAM. 



Tvtal ivfpfar^ tf i^ tieam. - 


Surplus of that force over the aUnospharic 
pressure, or effective pressure. 


In 


«7' '" 

In 


In lbs. 


In lbs. 


f 
In 


In 


In lbs. 


In lbs. 


atmos- 


inches of 


per square 


per square 


atmos- 


inches of 


persquare 


per square 


pberes. 


mercury. 


incb. 


foot. 


pheres. 


mercury. 


inch. 


foot. 


1 . 


30 


14.7 


2,117 


... 


... 


... 


... 


1.5 


45 


22 


3,175 


0.5 


15 


7,3 


1,058 


2 


60 


29.4 


4,234 


1 


30 


14.7 


2,117 


2.5 


75 


36.7 


5,292 


1.5 


45 


22 


3,175 


3 


00 


44.1 


6,350 


2 


60 


29.4 


4,284 


a.5 


105 


51.4 


7,409 


2.5 


75 


36.7 


5,292 


4 


120 


58.8 


8,467 


a 


90 


44.1 


6,350 


4.5 


135 


66.1 


9,526 


3.5 


105 


51.4 


7.409 


5 


150 


73.5 


10,584 


4 


120 


.58.8 
66.1 


8,467 


5.6 


165 


80.8 


11,642 


4.5 


135 


9,526 


6 


180 


,88.2 


12»701 


5 


150 


73.5 10,584 



CHAPTER III. 



OF THE RESISTANCE OF CARRIAGES MOVED ON RAILWAY^/ 



Section. 1. — Necessity of making further researches on 

that subject. 

From the description we have given of the engine, we 
see that the st^am, by acting on the pistons^ communicates 
to the wheels a rotatory motion^ which must necessarily 
make the engine advance, provided the train that follows^ 
does not oppose a greater resistance than the force of which 
the engine disposes. 

The first point therefore which must ^be considered con-* 
corning the motion of locomotive engines is the resistance 
opposed l^y the trains they draw. 

Those trains consist of a more or less considerable num-* 
her of carriages called wagons, upon which the goods are 
loaded. Their resistance to the motion depends not only 
on their weight, but also on the state of the railway, and the 
more or less perfect construction of the carriages. The 
purpose of the establishment of a railway being to produce 
a perfectly hard and smooth road, on which the carriages 
may roll with ease, if the railway is not kept in good order, 
or if it does not answer the intentions for which it was 
established, it is clear that the resistance the train will op- 
pose along those rails will be so much the greater. The 
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same will also take plaee if the carriageSy being ill-con- 
structed or badly repaired, have a considerable friction. 

From this observation, we see that the power required to 
draw a given weight, a ton for instance, cannot be the sam^ 
upon all railways, nor with all sorts of carriages. On per- 
fectly smooth fails, and with a well-greas^ and well-con- 
structed wagon, the draft of a ton may require only a power 
of 8 lbs. We mean to say, that a weight of 8 lbs. sufr- 
pended at the end of a rope passing over a pulley, will, *in 
that case be sufficient to makfta loaded carriage,^ weighing 
a ton, move forward* On another railway, on the contrary, 
and with carriages of another construction, the same load of 
a ton may require a power of 10 lbs., and perhaps more. 

The old .wagons, on which some experiments had been 
made, required a power of 10 lbs. to 12 lbs. for each ton 
weight of the load. Since that time, the carriages had been 
brought to greater perfection, and had never been submitted 
to any experiment made on a large scale, and in the usual 
working state. At the time of the introduction of the new 
wagons at Liverpool, one trial had been made with a single 
wagon, and just at the» moment it was coming out of the 
hands of the maker. But as Ihat wagon had beon carefully* 
oiled on purpose for the experiment, and a9 it had not yet 
encountered any shock by which the axles might have been 
bent, the wheels warped, or the hind wheels ]M*evented 
from following exactly in the track of the fore ones; and as, 
moreover, the rails had= been nicely swept, the result of 
such an experiment could scarcely be considicred as a com- 
mon practical result; and, in fact, the friction of the trains 
continued to be calculated on the Liverpool Railway at the 
rata of 10 lbs. per ton. These uncertain data could not be 
admitted in a new work on the subject 

It became therefore necessary for us to find another base 
for the calculations that were to be made on modern wa- 
gons. _ However, the occasion which gave rise to the expe- 
riments we are going to relate, occurred in the work of the 
locomotive engines. They pointed out themselves, in a 

11 
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way, the errors committed in the appreciation of the resist- 
ances they overcame. This point is worthy of notice, as ii 
proves at the same time both the perfection of the engines, 
and the correctness of the calculations, to wtiich it is possible 
to submit them. It inspires consequently more confidence 
in the other results which were obtained in the same way,^ 
and it is for that reason we mention it. Having made, dur- 
ing our stay at Liverpool, in 1834, a greal number of expe- 
riments on the power of locomotive engines, we found that 
one of those experiments, made with the Atlas, and which 
we shall have occasion to relate hereafter, appeared to ex- 
ceed the limits of the power of that engine. The Atlas 
had, on July 23, on an inclined plane at ^ituf drawn 40 
wagons, weighing 190 tons, and the diameter of its cylin- 
der was only 12 inches. According to the ideas admitted 
on the railway, on the resistance of the trains, this fact could 
only be explained^ by supposing either that the proportions 
of the engine were not exactly what they were thought ta 
be, or that the railway had a different inclination from what 
was computed, or the train a different weight from that in- 
scribed on the weighing books. Other experiments, how- 
ever, made by us with other engines, in other circumstances^ 
and in other points of the railway, having given similar re- 
sults, we were already convinced that the friction of the 
wagons could not exceed 8 lbs. per ton, and that the mis- 
take lay there, unless we preferred supposing that mistakes 
had been made in the dimensions of all the engines, and in 
the levelling of all the parts of the road. 

It beqame, therefore, necessary to ascertain the fact in a 
direct manner, by establishing- a series of experiments for 
that purpose ; but it was particularly satisfactory to have 
been led to the knowledge of the truth by the calculation^ as 
the experiment became thus the verification of it* 



.1 



OF THE RESISTANCE^ ETC. S3 



Section 2. — Qf the Friction determined by the Dyna- 

mometer. 

The most natural meanf of determining the friction or re- 
sistance of the wagons^ seemed to be the dynamometer, 
which gives directly the .force of traction required to exe- 
cute the motion ; but as the act of drawing, either by men 
or any other living meter, takes place by starts, the dyna- 
mometer oscillates between very distant limits, and can give 
no certain result. It appeared, Jiowever, to us, that if the 
draft were effected by an engine, the effort of which is al- 
ways equal, and the motion^ regulated by the mass of the 
train itself, the oscillation of the dynamometer would not be 
so great, particularly if the instrument were to be fastened 
to one of the last carriages, on which the pulsations of the 
engine have naturally much less effect. 

Therefore, at the moment the Leeds engine was setting 
off with a train of 12 wagons, after the whole mass had 
been put in motion, and while the motion continued with 
a uniform velocity of three or four miles an hour, the chain 
of the three last carriages was unhooked, and replaced by a 
circular spring-balance, which had been prepared for the 
purpose. The rod of the balance was fixed to the franle of 
the ninth wagon, and the three following, which were the 
last of the train, were fastened to the spring. The experi- 
ment took place between the milestones one and a half and 
two of the Liverpool Railway, on a space of ground which 
is a dead level. 

We expected to seethe index of the balance remain nearly 
steady ; but we were disappointed^ Its average position 
was near the point marking 100 lbs. ; but it underwent very 
great variations, that is to say, from 50 lbs. at least, to 170 lbs. 
at most ; and even two or three times, at certain extraordi- 
nary starts of the engine, the needle ran to the end of the 
balance, marking 220 lbs. As, however, this case happened 
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only accidently, it could not . be considered as an effect of . 
the regular draft : and, indeed, after the shock which had 
caused this extraordinary excursion, the needle immediately 
returned to its usual point of 100 lbs., and began again its 
oscillation between 50 lbs. and 170 lbs. After having, to 
no purpose, waited to see whether the motion would become 
more regular, we concluded that the experiment waft not 
susceptible of a greater degree of precision. 

The variations of the needle between 50 lbs. and 170 lbs., 
gives an average of 110 lbs. ' 

The three wagons weighed together 14.27 tons. 

So the experiment gave --— - or 7.70 lbs. resistance per ton. 

14.27 ■ . 

It is important to remark, for what will be said hereafter, 
that this experiment was free from the direct resistance of 
the air ; for these three wagons being the last of the train, 
underwent from 4;he air only a very inconsiderable lateral 
resistance, particularly as the speed was only three or four 
miles an hour. All the direct resistance of the atmosphere 
took place on the first carriage of the train, with which our 
experiment had nothing to do. 

This approximation, as It was, might be useful, but it was 
thought necessary to obtain more positive results. 

In consequence, a convenient plac/e; having been chosen 
on the Liverpool Railway, at the foot of Sutton inclined 
plane, and at a distance * of lli. miles from Liverpool, the 
level was taken in the most accurate manner, to a tenth of 
an inch, and the experiments commenced on Jhe following 
principle : ; \ . 
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Section 3. — Of the Friction determined hy the Angle 

of Friction. 

Let us suppose a heaty body left to itself on an inclined 
plane AB (fig. 23), and sliding without friction to the foot 
of the plane ; let us suppose at that point another plane, 
being the continuation of the first, and on which the same 
body continues its motion. 
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The body will descend along flie plane, by virtue of. its 
^gravity; but that force will act only partially: it will be 
^ecompoied into two others^ one perpendicular to the plane, 
which will be destroyed by the resistance of that plane, and 
the other in the sense of the plane^ which will have its full 
effect, and will be the accelerating force of the motion. If 
therefore^ express the intensity of gravity, and 6' the angle 
of the plane, with a vertical line, the accelerating (otce cf 
the motion will be 

9 = g" cos ^'; ' 

but the general expression of any accelerating force is 9 ss 
-7-, V being the velocity, and t the time; consequently 

Af * 

ff cos r = -T-. 
t 

Besides, when we consider only an infinitely small inter- 
val of time, any motion may be regarded as uniform, which, 
by expressing by x the space passed over, gives 

X 

V = Y> 
or 

V 

Thus the equation above becomes 

vv a> g* cos 6^ X, 
Making the integral, and observing that the velocity is zero 
at the starting point, or that ^ = o gives t; = o, we have 

This equation gives the velocity of the moving body in any 
point whatever of the first plane. 

Consequently, if we express ^by x* the distance of the 
point B, from the starting point, measured along the plane, 
the velocity of the falling body, when arrived at that point, is 

V» = 2g cos 6' x\ 

This is the velocity the body has acquired, at the moment 
it is going to pass from the first to the second plane. This 
velocity being applied to it in the direction of the first plane, 
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» 

would produce, in the direction of the second, only a cer- 
tain velocity, resulting from the relative inclination of the 
two planes, if the passage from the one to the other took 
place abruptly. But if the passage is effected by a con- 
tinued curve, we know that there will be no loss of velocity, 
and the body will begin its motion on the second plane with 
the same velocity it had in leaving the first. This will, 
therefore, be its velocity in beginning its descent on the 
second plane. 

The body will, besides, continue to be impelled by gra- 
vity. 6'* being the angle of inclination of the second plane 
with a vertical line, the gravity will produce an accelerating 
force 

9' =s g* cos d"; 

and by a calculation similar to the former, wc will also have 
on that plane, 

v» = 2g cos 6" X + C. 

In this equation, C is determined by the condition that 
X = o must give for v the incipient velocity of the second 
motion; and as we have seen that this incipient velocity is 

V« = 2g cos d' a?', 

it follows that 

C =i2g cos 6' x' 

Substituting that value of C, the velocity in any given point 
of the second plane is expressed by 

«« = 2g cos d" X + 2g cos fl' x\ 

Further z' and z" being the vertical heights gone through 
on each plane by the moving body, we have 

x' cos fl' = z', and x cos 6" = z'\ 

Consequently the equation may be written in the following 
form: 

«« = 2g (z' + z'y, 

or 

Vi == 2gz, 
by letting z express the vertical height of the point where 
the moving body is below the starting point 
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This is therefore the equation of the motion, in the case 
of a body moving without any friction or resistance what-* 
ever. In that equation we see that we can only have v = o, 
when z = o ; that is to say, that the body once put in mo«- 
tion, will not stop until it has re-ascended the second plane 
to the height of its starting point, that second plane being 
then supposed to be inclined in an opposite sense to the 
first. 

But if the body moves with friction, experience having 
proved that friction does not increase with the velocity,' it 
will act as an uniformly retarding force, contrary to the 
gravity along the plane. By the introduction of that new 
force, the accelerating forces of the motion on each of the 
planes will no longer be 

gcos fl', and g cos d''; 
but 

g cos d' — /, and g cos fl" — /, 
/ bqing the expression of the retarding force owing to the 
friction. 

In that case the velocity in any given point m of the 
second plane, the distance of which to the point B is ex* 
pressed by Xy will consequently be 

v« = 2 (g" cos A" —f) X + 2{g cos d' — /) *'. 
Effecting the indicated operations, and substituting z" for x 
cos 6", z' for x' cos A' and z for z' + z", we have 

f^2[gz--^f{x'+xj];^ 
which equation gives the velocity in any point of the motion 
of the planes, taking the ^friction in consideration. In that, 
case we see by the equation that we cannot have t; = o, un^ 
less z = Of x' = Oy X = o, that is to say, at the beginning 
of the motion; or unless we have the equation 

gz—f(x' + x) 0. 
Jf, therefore, a body once put in motion stops at any point, 
m for example, that point must fulfil the above condition, or 
we mu9t have 

gZ =cf{x'—x). 
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If we multiply the two members of that equation by M, 
mass of the moving body, we shall have 

gMz ^fM{x +x'). 
The quantity g being the action of the gravity on one of the 
elements of the body, ^M ia its action on the whole of that 
body, or its weight, which we shall express by P. Also,/* 
is the retarding action of the friction, as relates to a single 
element of the moving body. But the friction being pro- 
portional to the weight, /M is the friction when we consi- 
der the whole mass of the body. Expressing, then, that 
friction by F, and making those two substitutions, the equa- 
tion may be written in the following form: 

P2: =» F (a? + x'). 
Let us suppose then, that, having left in the beginning the 
moving body free on the inclined planes, it has descended 
to the point m, for instanbe, and has not gone farther ; that 
point must necessarily fulfil the above conditiorf, else the 
moving body would not have stopped there. If, therefore, we 
measure on the spot the quantities z, x and x'y and know the 
weight F, the equation will contain no other unknown quan- 
tity but F; so that equation will give us its value, viz. . 

F = P — ^— 

X + x'' 

Consequently, when a body of a given weight P, 
placed in the above»stated circumstances, stops in de- 
scending at a certain point m, the value of the friction 
that stopped it, will be found by dividing the total 
height from which the body descended by the total dis- 
tance which it travelled over. 

This determination once made, it is clear that if we were 

to construct an inclined plane, the height of which were z, 

and the length x + x\ and if we were to place the body on 

it, it would remain in equilibrium. In fact, the gravity that 

tends to impel the body onwards would be exactly equal to 

the friction that retains it. 

z 
The ratio -— — - gives us, consequently, what is called the 
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angle of friction ; and it is for that reason that we have also 
called by that name the principle we have explained, and 
.which vve sh^Il make use of in the following experiments. 

Section A.^-^Experiments on the Friction of Wagons. 

A series of experiments was accordingly undertaken on 
that principle, upon one of the inclined planes on the Liver^ 
pool and Manchester Railway. 

From a point taken on Sutton inclined plane, at 50 chains 
from the foot of that plane^ 34 distances of 10 chains or 330 
feet each were measured. At each of these points a num- 
bered pole was fixed in the ground, and the level exactly 
taken. The following table shows the result of the levelling 
operation expressed in feet and decimals of feet 



Number 

of 
the posts. 



1 - 

2 

3 - 

4 

5 - 

6 

7 - 

8 

9 - 

10 

11 - 

12 

13 - 
14 

15 - 
16 

17 - 
18 

19 - 
20 
21 - 



Distance from 
the first post 
in feet. 

330 - 
660 
• 990 - 

1,320 

- 1,650 - 
1,980 

- 2,310 - 
2,640 

-^ 2,970 - 

3,300 

- 3,630 - 
^3,960 

. 4,290 • 
4,620 

- 4^950 - 
5,280 
5,610 - 
5,940 
6,270 - 
6,600 
6,930 - 



Vertical descent below the 

first post in feet, 

and decimals of feet. 

Starting point. 

- 3.47 
7.07 

- 10.62 
14.36 

- 18.17 
21.77 

- 25.53 
28.98 

. 32.07 

C Foot of the inclined plane/ 
34^1 < rather middle point of the 
( continued carve. 

- 35.06 
3319 

- 35.23 
35.37 

- 35.71 
36.17 

. 36.44 
36.66 

- 36.80 
36.92 

- 37.06 
12 
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Number 


Distance from 


Vertical descent below t 


of 


the first post 


first post in feet. 


the posts. 


in feet 


and decimals of feet. 


22 


7,260 


37.14 


23 - 


- 7,590 - 


- 37.22 


24 


7,920 


37.^7 


2S - 


- 8,250 - 


. 37.34 


26 


8380 


37.63 


27 . , 


- 8,910 - 


- 37.92 


28 


9,240 


38.14 


29 - 


- 9.570 - 


- 38.35 


30 


9,900 


38.54 


31 - 


- 10,230 - 


- 38.67 


52 » - 


10,560 


38.77 


33 - 


- 10,890 - 


- 38.92 


34 


11,220 


39.08 



On the ground where the experiments took place, a little 
beyond the foot of the inclined plane, the wagons had to 
cross three junction roads, each of them necessitating the 
passing over three switches, as may be seen in fig. 24. This 
made in all nine switches, either on one side of the rails or 
the other. On passing each of these obstacles, the wagons 
received a jolt from the unevenness of the road, and their 
velocity was checked. The ground was consequently un- 
favourable for experiments, and made the friction appear ra- 
ther more considerable than it really was. 

The wagons used for the experiments are of the following 
construction. They consist of a simple platform, supported 
on four springs. Their wheels are three feet in diameter, 
and fastened to the axle-tree which turns with them. The 
body of the carriage rests upon the axletrees, but outside the 
wheels ; that is to say, that the axles are prolonged through 
the nave, in order to support the carriage. At the bearing 
they are turned down to If inches in diameter. The chair 
is made of brass at the bearing-point. In its upper part it 
contains grease, continually feeding upon the axle through a 
hole in the chair, and the waste of which is prevented by a 
cover on the underside of the ebair. The grease-box, which 
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IS filled every morning, is sufiScient for the whole day. In 
the experinnents, no alteration whatever was made to tjie 
usual dispositions ; everything was left as it is in the daily 
work, as well in regard to the wagons as to the rails. 
Among the wagons there are some, the extremity of the axle 
of which, instead of being from one end to the other of a 
uniform diameter of 1| in., is thickened near the frame of 
the carriage by | of an inch, and }s on the contrary dimi- 
nished as much at the other end. Consequently, that part of 
the axle is composed of three cylindrical parts equal irx 
length, and the diameters of which are, 2i, 1|, and If 
inches. 

This disposition is adopted, in order to leave the mean 
diameter as it was at first, but to give, however, a greater 
strength to the point which appears to suffer the most. There 
are, nevertheless, but few axletrees constructed on that prin- 
ciple, they having been only meant as a trial, the advantage of 
which has not yet been confirrned by experience. 

I. On July 29, 1834, five wagons taken at random, and 
loaded with bricks, were brought to the spot fixed for th^ 
experiments by the Sun engine. The train was followed bv 
a sixth empty wagon. The weight of the five wagons to 
gether, accurately taken with their load, amounted to 30.65t., 
and including the weight of ten persons, not weighed with 
them, to 31.31 1, or to 6.26 1 per carriage. 

The middle of the train having been carefully placed 
facing the starting point on the plane, and the engine being 
taken away, the brakes were taken off all at once, at a given 
signal, abd the five wagons were left to their gravity on the 
plane. They continued their motion till 33 ft. beyond post 
No. 30, having thus run a total distance of 9933 feet, with 
a difference of level, between the points of departure and ar- 
rival, of 38. 55 ft 

By recurring to the principle laid down above, we had, in 
this experiment, x +x' =i 9933 ft., z =a 38.55., and the friction 
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was the ' or sr^-of the weight. Consequently the friction 

It. 2240 lbs. ^ ^_ ,, _, . ... . _ 
ofaton was--— = — jr^^ — = 8.69 lbs. This friction, how- 

20o Zvo 

ever, included the resistance of the air, and was augmented 

b\ the above-mentioned circumstance, of the passage of 

I 

nine switches at the foot of the plane. 

II. After this first experiment, 300 bricks were taken oat 
of each of the wagons. The weight of 100 of those bricks 
having been carefully taken, and found to be 855 lbs. ; this 
was, consequently, an alleviation of 2,565 lbs. 1.145 1 for 
each carriage. The weight of the five loaded wagons, in- 
cluding the same ten persons, amounted thus to 25.5St. or 
5. 12 t. for the average weight of each of them. 

In this state the wagons were brought back to the same 
starting point as at first, and left again to their gravity on 
ih9 plane. They continued their motion until 84 ft be- 
yond the post No. 28, having gone through a total distance 
of 9324 ft. on a difierence of level of 3d: 19 ft. In this se- 
cond experiment the friction was -^ of the weight, or 
9.17 lbs. per ton : so the resistance per ton was less in the 
first case than in the second. 

The wagons were then for the third time brought back to 
the starting point, and each of them was successively and 
and separately left to itself on the plane, as also the empty 
wagon, when they gave the following results : 



V 





Numbered 
tbe wagon. 


Weight 
loaded. 


Distance j 
gone through. 


Difference 
of level. 


Friction. 


Friction 
per ton. 






tons. 


feet. 


feet. 




lbs. 


IIL 


No. 294. 


4.65 


7,326 


37.16 


ih 


11.36 


IV. 


100. 


5.15 


6,663 


36.95 


i8zr 


12.42 


V. 


196. 


5.20 


7,455 


37.19 


^i^r 


11.17 




111. 


5.00 


stopped by 


mistake 


f« 


■>» 




150. 


4.85 


stopped by 


mistake 


» 


»» 


VI. 


^"P*y I 202. 


1.85 


6,204 


36.78 


rh 


13.28 



The wagon, No. 100, at the moment it arrived, had one 
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of its ax]e-box€s very hot, which explains why it did not 
continue its naotion as far as the others, though equally load- 
ed. The empty wagon was very low, being formed only of 
a platform surrounded by an open railing.' 

According to these experiments, each of the loaded wa- 
gons, taken separately, ha.d an average friction of 11.3 lbs. 
per ton ; and those same five wagons, united together in a 
train had only a friction of 9.17 lbs. per ton. The difierence 
in favour of a greater number of carriages was evidently 
owing to the resistance of the air, the effect of which only 
takes place on the first carriage. If the train is composed of 
only one wagon, that one must alone bear the whole resist- 
ance ; but if it is composed of several, the resistance of the 
air remaining the same, is divided between all the wagons, 
and becomes consequently less perceptible on each of them. 
The same effect may be observed in the first experiment 
compared with the second. Thd number of carriages was 
the same in both, but the first train being more heavy, the 
resistance of the air was distributed between a greater num- 
ber of tons. 

It appeared therefore necessary, in order to complete our 
investigation, to make other experiments, with trains of dif- 
ferent weights and in different circumstances. In the fol- 
lowing experiments the wagons were no longer loaded with 
bricks, but with goods of different sorts, such as were fur- 
nished by the trade in the common business of the rail- 
way. 

VII. The following day, July 30, a train of 19 loaded 
wagons was brought to the same place by the Mars engine. 
The 19 wagons weighed together exactly 92 tons, giving 
4.84 tons for the average weight of each of them. The train 
was again stopped on the plane, so as to make the middle or 
centre of gravity of the mass exactly facing tKe post No. 0; 
and the whole was left to its gravity as in the. foregoing ex- 
periment The mass being put in motion, stopped at 168 ft. 
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beyond the post No. 33. So the space gone through was 
10,728 ft, and the difference in level between the starting 
and stopping points was 38.85 ft., which made the friction 
equal to ^^r ^^^^^ weight, or 8.11 lbs. per ton. 

YIII. The same day the same experiment was made with 
the tender of the Jupiter engine, which stopped, at 27 ft. 
beyond the post No. 18, and its friction was, consequently, 
including the resistance of the air, y^, or 13.76 lbs. per 
ton. This tender is nothing but a wagon of a particular 
form, giving, comparatively, a considerable hold to the air, 
particularly when it is not much loaded. The tender of the 
Jupiter was then nearly empty, having only sufficient pro- 
visions'to bring back to Liverpool the persons that were 
present at the experiment. 

This as well as the preceding day's experiments were 
made jointly with Mr. H. Earle, one of the directors of the 
railway; Mr. J. Locke, engineer of the Grand Junction 
Railway.; Mr. King, of the Liverpool Gas-works, and other 
persons more or less directly connected with the adminis- 
tration of the Company. 

IX. On the 31st of July the tender of the Atlas engine, 
then weighing 5i t., was left to itself from a point situated 
at 84 ft below the post No. 1. It stopped at 90 ft. beyond 
the post No. 23, having run over a space of 7,266 ft. by 
32.88 ft. descent, which gives for the friction fi?, or 10.13 
lbs. per ton. 

X. The same day the train led by the same Atlas engine, 
composed of 14 wagons, weighing together 61.35 t., was 
left to its gravity on the plane from a point situated at 24 ft. 
above the post No. 1. Not having at our disposal a suffi- 
cient number of men, the train could not be stopped before. 
It ran to 15 ft. before the post No. 5 ; that is to say, over a 
space of 957^ ft., in a descent of 35.32 feet, which gives for 
the friction ^|y, 8.26 lbs. per ton. 

XI. On the 1st of August a train of 10 wagons was 
brought to the place of the experiments by the Vesta en- 
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gine. The 10 wagons weighed together 43.72 1. The 
tender of the engine, weighing five tons^ was left attached to 
them, making thus together 48.72 t. for 11 carriages, or 
4.43 1. per carriage. The whole was left to its gravity on 
the plane, and ran till 108 ft. beyond the post No. 30, being 
a space of 10,008 ft. on a slope of 38.58 ft, which gives for 
the friction T^, or 8. 64 lbs. per ton. 

XII. The same day 24 waggons were brought to the same 
place by the Atlas engine, these 24 wagons weighing to- 
gether 104.50 1., and making with the tender of the engine, 
which weighed 5.50 1, 110 t. for 25 carriages, or 4.40 1. 
per carriage. They were left to their gravity on the plane, 
and did not stop until they reached 108 ft. beyond the post 
No. 32. They ran, consequently, over a space of 10,668 ft., 
with a descent of 38.82 ft., which puts the friction at ^ly, 
or 8.15 lbs. per ton. 

Lastly, complete trains, that is to say, the engine, tender, 
and wagons together, were brought to the trial of gravity 
on the plane, and gave the following results : — 

XIII. On the 2d of August the Fury engine, followed 
by it^ tender and by 17 wagons, weighing as follows : wa- 
gons 81.26 t., engine 8.20 1, tender 5.5 t, together 94.96 1, 
was left to its gravity on the plane. The engine and its 
tender being, on account of their weight, reckoned for three 
wagons in the position of the centre of gravity of the mass, 
the whole was considered as equal to 20 wagons. The.train 
was consequently stopped so as to place facing the starting- 
post, the interval between the seventh and eighth wagon. 
The mass, being put in motion, stopped at 42 ft. beyond the 
post No. 34. It had run over 11,262 feet, with a descent 

1 

of 39,10 ft.; which puts the friction at—- of the weight, 

or 7.78 lbs. per ton, including the engine, tender, and wa- 
gons. 

The whole weight of the train, engine included, was 
94.16 t The resistance of the whole, taken at the rate of 
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7.78 t. as it had been found, was then 733 lbs. But the en- 
gine, submitted alone and a moment before to the experi- 
ment, had been found to have 113 lbs. friction, as we shall 
see below. Of these 733 lbs. there were, consequently, only 
620 applicable to the wagons and tender. Their aggregate 
weight was 65.96 1. ; consequently, the resistance belonging 
to them was 7.21 lbs. per ton. 

XIV. On the 2d of August the Vulcan engine, weighing 
8.54 1., followed by a train of twenty wagons, weighing 
96.30 1., and by a tender weighing 5,5 t, forming together 
a mass of 110.14 1., was bro'ught to the place of the experi- 
ments. Not having been able to stop the train in time, it 
could only depart from a point situated at 18 ft. below the 
common starting-post, the engine and its tender being reck- 
oned together for three wagons, in fixing the situation of the 
centre of gravity. The mass stopped at 39 ft. beyond the 
post No. 33. The distance ran over in 12' 10" was 10,911 ft, 
on a descent of 38.75 feet. The friction calculated over 
the whole was consequently ^^ of the weight, or 7«964bs. 
per ton. 

The total resistance for the 108.50 1. weight of the whole 
train, engine included, was 863 lbs. ; if from that we deduct 
127 lbs. for the resistance of the engine itself, according to 
• an experiment made immediately afterwards, and of which 
we shall speak below, there remains for the 100.16 t. of the 
train and tender 736 lbs., which make 7.35 lbs. per ton. 

XV. To conclude, on Aggust 15, the Leeds engine, 
weighing 7.07 1., followed by its tender and a train of seven 
wagons, the aggregate weigftt-of which, besides the engine, 
was 33.52 t., was also submitted to the same experiments 

•Starting exactly from the post No. 0, it ran till 255 ft be-' 
yond the post No. 24. Distance 8,175 feet ; descent 37.35 ft. ; 
friction of the whole ■s{^, or 10.23 lbs. per ton. 

The whole train weighing 40.59 t, had therefore a total 
resistance of 41 5 lbs. ; and as the engine submitted alone to 
the experiment had been found to have 112 lbs. friction, on 
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those 415 lbs. there were only 303 lbs. applicable to the wa- 
gons and tender^ and consequently the resistance belonging 
to the train was j^y or 9.04 lbs. per ton. 

Section 5. — Table of the Results obtained in those Eape- 
riments on the Friction of Wagons. 

Bringing together the different experiments described 
hereabove we make out the following table : — 



13 






ssEsts ass 



-rE-E-p-K-^-E -B-E-E -E -E -i -E 



sgsgssss SSSS g s s s 



•» qa jij. lO ts •¥ « 



SIS 



hi 



S3 SS8 8 i S 3 
SSS SES S S S g 



iillliaslls •! • 
'.'SSS'S-:-- r 

IliiiliiJliiJllrlrrr 






si- 



sg5a>EB-g''xgg a a B 



Dmnng an diose ^i^periiiienlA the ^menJllier fF«f fMpr «|j4 
cdm. As fire jiai^ «iid before, ne p8ilie«iir fniseii«|bi«Q0 
had been taken, nor bad any tiring been Akavei i^ <th(e «tfual 
«tate of the wagons dr rails. Theeircumftaiiee 'of 4Ke jlraiiMi 
{passing o^er nine s^witehes at the feot of tbe incUned ^ase, 
mtist make 4he results appear a little greater ibaii Cbejr 
would generaUj he 'oo any otlter part 4ft the road taken 4ft 
random. 

Si»:;Tioir ^< — Ffictioai iqf Jhe intermediate We^gmx^ </* ^ 

We haTe already marked in the £rst m, expeniaeBts <fae 
influence of the resistanoe oC the air 4ii the results. When 
five wagons move together, their resistance to i\\e metioa 
is 9.17 Ihs. per ton; and if each of those five wagons m&vt 
separately, their average resktanee ;per ton is 11.65 lbs. The 
other experiments present similar results. By comparing 
large trains with those which are composed «nly of a smal|l 
•mmlier of carriages, we constantly see the resistanoe 
4imi»i8h, when the ^ass which is drawn, akhough con- 
tinuing to cut the air on the same sunface, comprises, how- 
ever, a more considerable weight 

The -direct resistanoe of the air takes place <onIy on the 
first carriage «of the train. Now, the first six «xperi meats 
imade with a single wagon give vs the resistance ^of a carriage 
when it advances the£r^t. Deducting it, therefore, in 4<he 
otlier experiments, we shall discover the resistance of 4ihe 
intermediate wagops of the trains; that is io say^ the fric- 
tion, independently of tbe direct resistance of the air. 

The ei^periments III., IV., V., V)[II., and IX. put to- 
gether, give us the average friction <of a loaded wagon lit 
the head of the train equal io 11.77 lbs. per ton« Taking, ** 
therefore, experiment VII., for instance, the weight of the 
train was 25.58 t Each ton had a resistanoe of 9.17 lbs.; 
thus tbe total reeustaooe was 234.5 Iha. Deducting 4he oe- 
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sistance of the first wagon at the rate of 5.12 t x 11.77 lbs. 
= 60.25 lbs., there remaia for the four following wagons 
174.25 lbs., which, divided by the weight of those fbur 
wagons, make 8.50 lbs. friction per ton. 

Section 7. — Table of the Results of the foregoing Ex- 
periments on the Friction of the intermediate Wagons 
of the Trains. 

If we make the same calculations for each of the other 
experiments, and if we add to them the similar results, 
already presented for the three experiments where the en- 
gines had remained attached to the trains, the following 
table will be made out: — 



RESISTANCE OF THE INTERMEDIATE WAGONS OF THE TRAINS, THAT 
IS TO 8AT9 AFTER DEDUCTIOK OF THE DIRECT RESISTANCE OF THE 
AIR ON THE FIRST CARRIAGE. 



Number 
of the 
experi- 
ment. 


Description 
the trains. 


Weisht 
the trains. 


Average 

weight 

per carriage. 


Resistance 
per ton 

of the first 

carriage 

of the train. 


Resistance 

per ton of the 

intermediate 

wagons of 

the train. 


• 

u . 
I. . 

XI . 
X . 

vn . 

XII . 
XV . 
XIII. 
XIV. 


5 wagons 
5 wagons 
11 carriages 
14 wagons 
19 wagons 
25 carriages 
8 carriages 
18 carriages 
21 carriages 


tons. 

25.58 
31.31 
48.72 
61.65 
92.00 

110.00 
33.52 
86.76 

101.80 


, tons. 

5.12 
6.26 
4.43 
4.40 
4.84 
4.40 
4.00 
4.78 
4.83 


lbs. 

11.77 
11.77 
11.77 
11.77 
11.77 
11.77 
15.84 
13.78 
15.22 


lbs. 

8.50 
7.92 
8.33 
7.99 
7.91 
7.99 
9.04 
7.21 
7.35 


126 carriages 


591.00 


4.78 


»» 


. 8.03 



The average resistance is therefore no more than 8 lbs. 
per ton, if we take into account only the intermediate 
wagons of a train. Now, in all the cases we have to calcu- 
late, in respect to railways, the train is always preceded by 
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the engine. It is, therefore, upon that alone that the direct 
resistance of the air exerts its influence, and that resistance 
being already taken into account in what is called the fric- 
tion or resistance of the^ engine, it is clear that all the wagons 
must be considered as intermediate carriages. Consequently, 
their proper resistance must only be reckoned at the rate of 
8 lbs. per ton. It is upon this proportion that we shall 
establish the resistance of the trains in all our experiments. 

In the foregoing tables, the average weight of a wagon 
was 4.78 t. That wagon placed at thefhead of the train, had 
a resistance of 11.77 lbs. per ton, or 56 lbs. for the whole; 
while, placed in an intermediate situation, its resistance was 
8.03 lbs. per ton, or 38 lbs. in all. The difierence between 
the results was owing to the obstacle of the air. The air 
created, therefore, a resistance of 17 lbs. to 18 lbs. on a 
wagon of a moderate height, as those were, and at the aye- 
rage speed of the experiments. That speed was of about 
12 miles an hour, or 16 feet per second, a space of 10,000 . 
feet haying been, on an average, run over in 10 minutes. 

This determination agrees with direct experiments made 
on the force of the wind. We know that when the wind 
has a velocity of 20 feet per second, it causes on a surface of 
a square foot a pressure of 0.915 lbs. or a little less than 
1 lb. In other words, a surface of one square foot cutting 
the air with a velocity of 20 feet per second meets^ with a 
resistance of 0.915 lbs. Thus a loaded wagon presenting a 
surface of about 22.5 square feet must meet, from the atmo- 
sphere, with a resistance of about 20 lbs. 

The direct resistance of the air against the first carriage 
of the train, once deducted, the resistance per ton does no 
longer depend upon the number of wagons. The re- 
maining differences seem to be the effect of accidental cir- 
cumstances, such as the state of the rails, or the wind, or the 
greasing of the wheels, &c., which prevent those experi- 
ments from presenting a mathematical preciseness. 
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Section 8. — EwperimeTits on the Friction qf Wagons 

without Springs. 

The foregoing experiments having been made with 
wagons mounted oo springs and constructed on an improved 
prificiple, one mi^ht perhaps suppose that common wagons, 
having no springs, would offer a great resistance to the 
tnotioo. * 

In order to clear up this point, some experiments were, 
at our request, undertaken on the Darlington Railway* 
They were conducted exactly on the same principle as the 
foregoing, by Mr. Robert B. Dockray. 

The wagons employed were the common wagons in use 
on that line. Their wheels are 3 feet in diameter, like those 
of Liverpool. Their weight, when empty, is l.SOt., ainl 
4 t including the load. They are not mounted on springs, 
and the axle is 3 inches in diameter at the bearing. 

We have seen that in the Liverpool wagons the axle ia 
the same part is only If inches in diameter. This difier- 
ence arises from the circumstance that, in the Liverpocd 
wagons, the support is outside the wheel, on (a prolonga- 
tion of the axle ; and that part, the only service required 
of which is to support the wagon, may be reduced to «o 
small a diameter without depriving the middle part of the 
axletree itself of its usual strength. In the Darlington 
wagons, on the contrary, the bearing is within the wheel, 
like in common carriages. The support takes place, tfa^^-^ 
fore, not on a prolongation of the axle, but on the axle 
itself; and Xhis part cannot be less than three inches in 
diameter, because it must not only bear the weight of the 
wagon but also maintain the wheels in a fixed situation, 
by resisting the lateral pressure and the twisting forces 
which are continually exerted against the wheels during the 
motion. 



OF TBS BXBjaTAKCXy XTC. 



103 



Whb those wagons the experiments on frietion gare the 
following results : — 



XXFERlMENTS ON THE TRICTION OF WACN)N8 WrTHOlTT SntlNOS. 



If umber of 

tbe 
experiment. 


Number of 

wagons 
in the trains. 


X>istanoe run 
over by the 

wagons 
before they 

stopped. 


Ditiference of 

tewl between 

the starting 

and arriving 

points. 


Friction. 

1 


Frietion per 

ton 

in lbs. 


I . . 


12 


A. 

9^52 


ft. 

34.56 


rb 


lbs. 

8.11 


n . . 


4 


.9,600 


34.60 


^ 


8.07 


Ill . . 


16 


10,500 


35.04 


IffV 


7.48* 


lY . . 


8 


9,894 


34.82 


^ 


7.88 


Mean 


7.88 



During those experiments, the wind blew with a mode- 
rate strength in favonr of the motion, ^which is a point to 
be considered; for we know that trains of wagons are 
sometimes propelled to a considerable distance on railways^ 
by the force of the wind alone. All the wagons were in 
good order, and particularly those of experiments III. and 
lY., which were, besides, the best on the line. 

These experinoents haying, contrary to the natural ex* 
pectation, given more advantageous results than those which 
had been obtained with wagons mounted on springs, it be- 
came necessary to determine exactly the influence of springs 
on the resistance to motion. 

In consequence, the platform of a wagon mounted on 
springs, having been wedged so as to raise it o^ the springs, 
the wagon with pigs of lead^ weighing 2 tons, and in- that 
state it was left to Its gravity on the inclined plane. The 
resulting friction was 8.58 Ibsw per toti. 

Then the wedges were struck out, so as to lei the pbt* 
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form descend on the springs again, and the experiments 
having been repeated, gave a friction, per ton, of 8.35 lbs. 

There exists, consequently, a small advantage in 'making 
use of springs; but that advantage is easily compensated by 
some adventitious circumstances, as better polished bearings, 
better greasing, a load giving less hold to the air, &c ; and, 
in one case as well as in the other, the average iDriction 
must be reckoned at 8 lbs. per ton. 
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portion to the load it draws. That principle is true^ pro- 
vided the weight of the engine itself is taken as a part of the 
load. ' The only parts which are excepted from that rule are: 
the piston, which remains in all cases pressed in the same 
manner, the steam having no access into its interior ; the 
slide, the friction of which' varies with the pressure in the 
boiler, which depends indirectly upon the load; and, lastly, 
the eccentrics, the friction of which follows the friction of 
the slides. All the other parts of the engine are subject to 
the rule laid down above. The principal pressure takes 
place on the crank of the axle, and that pressure is exactly 
in proportion to the load. 

There must consequently be a considerable difierence in 
the friction of an engine when loaded or when without a 
load. We shall have recourse to experiments to determine 
that difierence. 

First, we shall endeavour to make ourselves acquainted 
with the friction of the engine without a load, and then we 
shall come back to the second part of the problem, which 
consists in determining the influence of the load upon that 
friction. By that means we shall be able to calculate the 
resistance of locomotive engines in all circumstances. 

Section 2. — Friction of the Engines determined by the 

least Pressure. 

The considerations above stated, which tend to prove 
that the power, necessary to move an engine is very nearly 
the same, whether the force of the steam itself, or any other 
external agent, is employed, furnished us with two means 
of ascertaining the friction of engines without a load. The 
first consisted in seeking what was the least pressure of 
steam required by a locomotive engine to put itself in mo- 
tion on the rails, when it had no other resistance than its 
own to overcome; the second was the method already em- 
ployed in regard to the wagons. Both were successively 
tried. 
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The principle upon which the first of these two methods 
is founded is the following : 

If we find that the steam, by causing a known efiective 
pressure per square inch, can make the engine advance, the 
area of the two pistons In square inches being known, it is 
easy to calculate the total force applied by the steam on 
those two pistons. That force being sufficient to make the 
engine advance^ — that is to say, to conquer its resistance,-^ 
it gives of course the value of that resistance. It must 
only be observed, according to the principle known in me- 
chanics by the name of the principle of virtual velocities^ 
that the pressure exercised on a part of an engine, being 
transmitted to another part of the same engine, retains the 
same intensity only in case the two parts have the same 
velocity. If not, the force or pressure is reduced in an 
inverse ratio to the velocity of the points of application. 
This principle'appears in an evident manner and apriorif 
in simple machines like the lever, the toll, the pully, &c. 
Inspection alone is sufficient to demonstrate that if a force 
can, by the aid 6f the machine, raise a weight four times as 
great as itself, it is only by travelling, in the same space of 
tin^e, four times as far as the weight it raises. In the case 
before us, the velocity of the piston is to that of the engine 
as twice the stroke is to the circumference of the wheel, 
the piston giving two strokes while the wheel turns once 
round* A force applied on the piston produces, therefore, 
in regard to the progress of the engine an effect reduced in 
the same proportion, that is to say, as twice the stroke is to 
the circumference of the wheel. 

Let d be the diameter of the piston, and ^ the ratio of the 
circumference to the diameter, i vf d'^ will be the area of 
one of the two pistons; and/? being the effective presisure 
of the steam per square inch, 

will be the effective pressure upon the two pistons. If, 
moreover, / express the length of tne stroke, and D the 
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diameter of the wheel, the effective force of transfec re- 
sulting for the engine, in consequence of that pressure, will 
be 

which, according to what we have said, gives the measure 
of the resistance of the engine. 

Here it must be noticed that we suppose the pressure of 
the steam in the cylinder to be equal to that in the boiler. 
The reason is, that in the experiments wc shall have oc- 
casion to make, the motion of the engines being always 
extremely slow and the regulator completely open, the two 
pressures have time to put themselves in equilibrium, and 
are consequently equal. It must also be observed, that the 
effective pressure/? of the steam, or the surplus of the total 
pressure over that of the atmosphere, is not the true moving^ 
power residing in the steam. That moving power is the 
total pressure of the steam, which we shall express by P. 
But, on the other hand, the true resistance on the piston is 
neither that only which results from the traction of the en- 
gine. It comprises also the atmospheric pressure, which 
takes place either directly or intermediately on the other 
face of the piston, as well as upon every other body in com- 
munication with the atmosphere. So, we omit on both 
sides an equal quantity, viz. the atmospheric pressure. No- 
thing prevents us here from simplifying in that manner; 
because, having to compare the power and the resistance 
only in a case of equality, that equality is not destroyed by 
subtracting an equal number on each side. 

To succeed in ascertaining the least pressure by which 
the engine could be moved, it was necessary to take the 
engine at the instant when it furnished the steam at a very 
low degree of elasticity. In the evening, after the work 
was finished and the fire taken out of the fire-box, the water 
of the boiler began to lose its heat, and the steam that it 
generated also gradually lost its force. This was the proper 
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moment to ascertain the least pressure by means of which 
the engines were able to advance on the rails. The spring- 
balance that shut the safety-valve enabled us to ascertain 
the pressure of the steam in the boiler, by loosening the 
spring until it stood in exact equilibrium with the pressure. 
It was then easy to calculate the pressure from the cjegree 
marked on the balance. However, to make all calculation 
unnecessary, the engine was brought to the mercurial gauge, 
which gave immediately the pressure per square inch in the 
boiler, at the moment of the experiment. It is in that man- 
ner that the following experiments were made :— 

J. On the 5th of July, the Atlas engine, cylinders 12 
inches diameter, stroke 16 inches, weight 11.40 1., wheels 
live feet, four wheels coupled, was submitted to the experi- 
ment separated from Its tender. 

The spring of the balance having been successively loosen- 
ed, to show the pressure of the steam in the boiler in pro- 
portion as it went down, the following trials were made : — 

At 2 lbs. pressure, marked by the balance, the engine 
moved backwards and forwards, passing from a state of rest 
.to one of motion, or conquering, besides the friction, what 
is called the vis inertias of the mass of the engine ; that is to 
say, not only maintaining an acquired velocity, but acquiring 
one, which proves a surplus of force in the moving power. 

At 1 lb. pressure, marked in the same way, the engine 
started, passing from a state of rest to one of motion. 

The pressure diminishing a little more, the engine conti- 
nued moving. At that moment we brought it under the 
mercurial gauge. It marked 4 lbs. effective pressure per 
square inch in the boiler, the valve then bearing no more 
than the weight of the lever, or a little less, which could not 
be ascertained, the balance not going below zero. 

The cylinder being 12 inches in diameter, the area of the 
two pistons was 226 square inches. Thus a pressure of 4 lbs. 
per inch produced on the pistons a force of 226 x 4 = 
904 lbs., that is to say, was able to move a resistance of 
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004 lbs. at the velocity of the piston. But at the velocity 
of the engine^ which is greater in the proportion of the cir- 

cumference of the wheel to twice the stroke, or =» 

. ^ 2 X 1.33 

5.887, that same force was only able to overcome a resist- 
ance of -—— ■ = 154 lbs. 

6.887 

Thus, as we have seen that the engine continued moving 
at the moment it was brought under the steam gauge, though 
the pressure was then reduced to 4 lbs., we see that the re^ 
sistance of the engine did not exceed 154 lbs. 

This first experiment was made with the engine separate 
from its tender, with a view not to counteract one resistance 
by the other ; but, in wishing to apply it to lighter engines, 
of which the wheels were not coupled, a difficulty occurred. 
The pressure required for the engine to move without tender 
was so very low, that the spring-balance could not mark it^ 
that pressure being less than the weight of the lever itself. 
Another inconvenience of that low pressure was, that it 
could only be obtained at the moment the boiler generated^ 
no more steam at all ; the consequence of which was thaf at 
that moment the pressure diminished so rapidly that no con-* 
fidence could be put in the accuracy of the experiment 

But as ^he resistance of the tender could be easily calcu- 
lated by the experiments made on the friction of the car- 
riages, and already inserted above, it was also easy to take 
it into account Thus, by having the tender attached to the 
engine, the experiment presented the same degree of accu* 
rateness, with more facility in observing the pressure of the 
steam. It is for that reason that, in the following expert* 
ments, the tender was no longer separated from the en* 
gine : — 

II. On July 21, the Sun engiite, cylinders 11 inches. 
Stroke 16 inches, weight 7.91 tons, wheels 5 feet; only one 
pair of wheels worked by the piston, was submitted to the 
same experiment 
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At 6 lbs. pressure by the balance, the engine started, fol- 
lowed by its tender full of coke and water. 

At 4 lbs. the same. 

At 2 lbs. the same. 

At 1 lb. pressure the engine started also. 

With the weight of the lever alone, the balance marking 
no pressure at all, the engine started again. 

The pressure still a little further diminished, the engine 
did not start, but, once put in motion, continued going. 

At that instant we brought it under the mercurial gauge; 
it marked 5i lbs. pressure per square inch, so that at that 
pressure the engine can move, followed by its tender. 

The area of the two pistons (11 inches in diameter) being 
190 square inches, a pressure of 5.5 lbs. per inch, produced 
on the piston a force of 190 x 5.5 lbs. = 1,045 lbs. at the 

velocity of the piston, and thus a draft of -^- — = 177.5 lbs. 

5. 887 

at the velocity of the engine. That was then the force re- 
quired to move the engine and its tender. Now the tender, 
filled with water and coke, weighed 6.50 tons, and accord- 
ing to the experiments made on the friction of the carriages, 
each ton required to put it in motion a power of 8 lbs. The 
tender consumed therefore, for its share, a force of 6.50 lbs. 
X 8 = 52 lbs. Thus the resistance proper to the engine 
was 177 lbs. — 52 lbs. r= 125 lbs. 

III. On July 23, the same engine, the Sun, was tried 
again at the least pressure, and gave the following results: — 

At 4 lbs. marked on the balance, the engine started, fol- 
lowed by its tender filled with water and coke. 

At 1 lb. marked on the balance, it started rapidly. 

At of the balance, it still started with facility. 

At 2 lbs. under zero, it still moved at the rate of two or 
three miles an hour. 

At that instant it was put under the mercuridl gauge, 
which marked 4| lbs. We may consider that, in this expe- 
riment, we Jhad arrived at the lowest pressure by which the 

15 
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engine could move. According to the calculation establish- 
ed above, that pressure of 4| Ibs^ gave a force of 902.5 lbs., 
which, referred to the motion of the engine, produced a 
traction of 153 lbs. Deducting 52 lbs. for the resistance of 
the tender, there remained 101 lbs. for the resistance of the 
engine. 

IV. The same day, the Firefly engine, cylinders 11 
ipches, stroke 18 inches, weight 8.74 tons, wheels five feet, 
one pair of wheels only worked by the piston,, was submi1> 
ted to the same trial. 

At 3 lbs, marked on the balance, it started, followed by 
its tender filled with water and coke. 

At 2 lbs. also. 

At it started also, came back, and went ofi* again in a 
contrary direction. 

At 1 lb. under 0, it still started forwards and backwards. 
The pressure diminishing a little more, the engine has just 
power enough to move. 

At that moipent it was brought to the mercurial gauge; 
the pressure was found to be 44 lbs. According to the pro- 
portions of the engine mentioned above,' a pressure of 4^ lbs. 
per square inch on the piston produced a traction on the 
engine of 163 lbs.; deducting 52 lbs. for the tender, there 
remained for the proper resistance of the engine 111 lbs. 

Section S.^^Friction of the Engines determinea by the 

Dynamometer. 

While the resistance of the engines was being determined 
in that manner, other trials were also m^de, to obtain a 
valuation of that same resistance by means of the dynamo- 
meter. 

V. On July 22, in the morning, the Vulcan engine, 
cylinders 11 in., stroke 16 in., wheels 5 ft, weight 8.34 t, 
one pair of wheels only worked by the piston, being ready 
to set off for Manchester, its boiler full of water, and its 
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fire-box of coke, was separated from its tender. A elrcular 
spring-balance was fixed to the engine, and a lever was passed 
through the ring of the balance, so that two men might draw 
the engine by means of the lever. 

The engine was firist put in motion by five or six men. 
The first impulse being given, the two men that pushed on 
the lever maintained it without difficulty in motion, at the 
rate of two or three miles an hour. The index of the 
balance oscillated very mueh. It varied generally from 130 
to 170 lbs., giving an averagCLtraction of 150 lbs. 

The balance was afterwards taken ofi" from the front of the 
machine, and fixed behind on the Liverpool side, when the 
same experiment repeated, gave an average traction of 140 
lbs. The index still oscillated about 20 lbs. above and he* 
low that point. 

Average of the two experiments, 145 lbs. 

The engine was ready ta go ofi*, and it had already^ made 
some turns on the rails, in order to light its fire and 'fill its 
boiler, so that the grease that anointed the rubbing parts was 
melted, and the oil, perfectly liquid. But the experiment 
taking place in the interior of the Liverpool station, in a 
great thoroughfare^ the rails were covered with cinders and 
dirt; a circumstance which considerably augmented the re- 
sistance to the motion. 

VI. On Jul}' 23, in the evening, the StJN engine, of which 
the proportions have already been^given above, and the weight 
of which is 7.90 t., was tried in the same manner. It gave 
100 lbs. traction towards Manchester, and 130 lbs. back-* 
wards, towards Liverpool. Average 115 lbs. The boiler 
of the engine was full of water y the fire-box empty. 

VII. On the same day, the Fireflt, already described| 
the weight of which is 8.74 t., drawn by the dynamometeri 
required 125 lbs. in one direction, and 130 lbs. in the other. 
Average traction 127i lbs. The boiler of the engine wafi 
full of water ; the fire-box empty. 

VIII. On the same day, the Fubv engine^ cylinders 11 
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in., stroke 16 in., wheels 5 ft., of which only one pair are 
worked by the piston, weight 8.20 t., required in advancing 
towards Manchester 100 lbs. traction, and 110 lbs. going 
back towards Liverpool. Average 105 lbs. 

These experiments took place on the engines separated 
from their tenders. They were made on a part which is 
considered as being exactly level. We may, however, sup- 
pose, that on th6 precise spot where the engine was, the soil 
was not perfectly horizontal, and that that was the cause of 
the slight difference in the resistance, observed between one 
direction and the other. 

Section 4. — Friction of the Engines calculated by the 

Jingle of Friction. 

These results did not differ considerably from the pre- 
ceding ones; but as in all the experiments, the index of the 
balance varied extremely, in consequence either of the 
slight inequalities of the road, or of the jerks given by the 
men that drew the engine, the average traction was very 
di£Qcult to ascertain exactly. Besides, the dirtiness of the 
rails augmented considerably the resistance. It was, conse^ 
quently, desirable to get those results verified by a different 
method, admitting of a greater accuracy. 

For that reason the same engines were submitted to expe- 
riments similar to those which had served to calculate the 
friction of the wagons. ^ 

IX. On July 30, the Jupiter engine, cylinders 11 in., 
stroke 16 in., wheehs 5 ft., only one pair of wheels worked 
by the piston, weight 7.90 t, was brought on the inclined 
plane of Sutton, to the same place where the experiments on 
the friction of the wagons had been made. It was separated 
from its tender, and left to its gravity on the plane. 

Gone off from the post No. 0, it continued its motion un- 
til 249 ft. beyond the post No. 18, and ran during 7' 12". 
This experiment gives : Distance travelled 6189 ft; differ- 
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ence in level between the points of departure and arrival^ 
36.78 ft. ; consequently, friction 
17,696 lbs. 



of the weight, or 



168. 



168 -o ' - j^ 

105 lbs. This result includes the direct resistance 



of the air at a velocity of 9 to 10 miles an hour. 

X. On July 31, the Atlas engine, cylinders 12 in., 
stroke 16 in., wheels 5 ft., four wheels coupled, weight 
11.40 t., was brought to the same place. Not having been 
in time, the train could not be stopped precisely at the suita- 
ble point, and the engine was already 99 ft. beyond the post 
No. 1. It was not possible to push back the considerable 
train it was drawing; so that the starting-point having been 
carefully determined, the engine was left tp itself at that 
point, and ran to 273 ft. beyond the post No. 1 7. 

The distance travelled by the engine was 5454 ft., and 
the difference in level between the points of departure and 
arrival, 32.07 ft. Thus the friction was ytv of the weight, 
or 150 lbs. This calculation includes the direct resistance 
of the air, at an average velocity of 8 to 9 miles an hoi^r. 

XI. On August 1, the same engine, the Atlas, brought 
to Sutton inclined plane, and the centre of the engine being 
carefully placed facing the usual starting post, was left to 
its gravity on the plane. It ran until 45 ft. beyond the 
post No. 14. 

Distance travelled in 5' 40", 4665 ft., total descent 
35.40 ft.; friction rrs of the weight, or 194 lbs. 

The engine had been repaired the night before. The 
connecting-rods being too weak had been changed, and the 
new ones were not yet exactly adjusted to their proper 
length. The resistance they produced, acting upon the 
wheel at the end of a lever of one foot, which is the radius 
of the crank-arm by which, they turn the wheej, produced 
the effect of a powerful brake to check the velocity of the 
engine. This friction of the Atlas is, consequently, not 
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applicable to the experimental made with that engine before 
August 1. 

XII. On August 1, the Vesta engine, cylinders Hi in.^ 
(this engine had originally cylinders of 11 in. diameter, but 
in repairing it, the cylinders were newly bored, which aug- 
mented their •diameter by one-eighth of an inch,) stroke 
16 in., wheels 5 ft., two wheels onlj^ worked by the pistons, 
weight 8.71 1., was submitted to the same trial. Setting off 
from post No. 0, it continued in motion to 33 ft. beyond 
post No. 11. It ran thus in 6', over a space of 3663 fi, 
with a difference in level between the departure and the ar- 
rival of 33.07 ft. ; which establishes the friction at -j^ of the 
weight, or 187 lbs. 

This engine had been repaired, since which it had only 
made two or three trips at the time of the experiment* 
The different pieces were not yet well fitted, nor the joints 
very easy. Thence arose the increase of resistance observed 
in it, comparatively with the other engines^ 

XIII. On August 2, theFxTRT engine, cylinders 11 in*, 
stroke 16 in., wheels 5 ft, not coupled, weight 8.20 t, left 
the usual starting-point, and stopped at 48 ft. beyond the 
post No. 18, running in 7* over a space of 5,988 ft;., with a 
difference of level between the points of departure and ar- 
rival of 36.68 ft.; which put the friction at li^ of the weighti 
or 113 lbs. 

XIV. On August 2, the Vulcan engine, cylinclers 11 in., 
stroke 16 in., i^heels 5 ft., not coupled, weight 8.34 1., left 
to its gravity from a point situated at 27 ft. above the usual 
starting-point, ran in 6' 30" over a space of 5,391 ft., with a 
difference of level of 36. 52 feet, which puts the friction at 
yiy of the weight, or 127 lbs. 

XV. On August 4, the Leeds engine, having the same 
proportions as the Fury and the Vulcan, weight 7. 07 1, 
ran in 6' 30" over a space of 5,472 ft, on a slope of 36.32 ft 
Thus the friction of the engine was Ti? of its weight, or 
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105 lbs. (one of the pistons' of the engine creaked for. want 
of greasing.) 

XVI. On August 15, the same engine, the Leeds, went 
ofif from the same point, and ran over 5,061 ft. in 6', on a 
slope of 35.86 ft, which puts the friction of this engine at 
iIy or 112 lbs. (one of the pistons creaked, as in the forego- 
ing experiment) 

All these results include the direct resistance of the air 
against the engine, at an average velocity of 10 or 12 miles 
an hour. 

Section 5. — Table of the results of the foregoing Expe^ 
riments on the Friction of Engines. 

Placing all those experiments next to each other, we form 
the following table : — 
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ARTICLE 11. 

OF THE ADDITIONAL FBICTION OF LOCOMOTIVE ENGINES, Ilf 
PBOPORTION TO THE LOAD THEY DRAW. 

• r 

Section 1. — Of the Mode of Calculation. 

We have now determined the friction or resistance of lo- 
comotive engines, when they draw no load. We have^ 
however, already shown, that the friction must increase* in 
proportion to the load the engine draws. The aim of our 
researches must, therefore, now be, to discover the amount 
of friction for different loads, in order to deduce from it the 
surplus of resistance created in the engine by each ton of the 
load. 

When an engine executes the traction of a train, we know 
the pressure in the boiler by inspecting the spring-balance ^ 
but we do not know the pressure of the steam in the cylin- 
der, because, in passing from the boiler to the cylinder, the 
elastic force of the steam changes, as will be seen hereafter. 
If we could know, a priori^ the pressure in the cylinder; 
if, for instance, it were possible to apply a mercurial gauge 
to it, we might immediately deduce the friction of the engine 
corresponding to that load. 

In fact, if by hypothesis we know the pressure in the cy* 
linder, or on the piston, by calculating the total effect of that 
pressure on the area of the piston, we find the exact valu^ 
tion of the power applied by the engine. 

On the other hand, we also know the resistance opposed 
to the motion ; it being composed of the resistance of the 
train and of the engine. 

Besides, if the engine, in drawing that load, increased con- 
stantly in velocity, it is clear that there would be an excess 
of power over the resistance. If, on the contrary, the ve- 
locity were to diminish gradually, the power would be in- 
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ierior to the resistance ; but if we take the engine at the mo- 
ment it has acquired a certain uniform velocity, and if that 
velocity be maintained without alteration, the power the 
engine thus applies must necessarily be exactly equal to the 
resistance it undergoes^ or else there would be either acce- 
leration or retardation in the motion. 

Thus we know the power applied by the engine ; we 
know the resistance to the motion, which is the sum of the 
resistance of the train and that of the engine; and, besides, 
this sum is equal to the power applied : consequently, the 
resistance of the engine is equal to the power applied, less 
the resistance of the train. 

This mode would give thus immediately the friction of 
the engine, if we knew the pressure in the cylinder. 

But there are cases in which the pressure in the cylinder 
is really known apriori^ and is equal to the pressure in the 
boiler. These cases are those in which the engine attains 
the limit of its power with the pressure at which it is work- 
ing ; that is to say, when it draws the greatest load it can 
draw with that pressure. 

In fact, as by the hypothesis the engine has arrived at the 
limit of its power, the pressure in the cylinder cannot be 
less than in the boiler ; for, if it were, by diminishing the 
velocity, which is the only obstacle to the establishment of 
an equilibrium of pressure between the two vessels, one 
might give to the steam time to rise in the cylinder until it 
would equal the pressure in the boiler, and then the effect 
would be augmented. That is to say, that the engine might 
draw a greater load, provided its velocity were diminished. 
On the contrary, as soon as the pressure in the cylinder be- 
comes equal to that in the boiler, there Is no further dimi- 
nution of velocity that will permit to increase the load ; for 
an increase of load requires an increase of moving power, 
which is no longer possible. 

Thus, in case one has attained the maximum load of the 
engine, the power applied is known a priori ;'and one may. 
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as we have actually done above, deduce from it the corres- 
ponding friction of the engine. 

Let us then suppose, that in an experiment we have at- 
tained the limit of the power of the engine. Let d be the 
diameter of the piston, and ^ the ratio of the circumference 
to the diameter, i^d^ will be the area of the piston, and h*d^ 
the area of the two pistons together* Let also p be the ef- 
fective pressure per unit of surface of the steam in the boiler, 
such as it has been observed during the experiment ; it is 
clear from what we have said above, that i^d^p 19 the force 
then applied to the piston. 

Calling D the diameter of the wheel, and / the length ^f 

the stroke, the force applied to the piston is, when transferred 

to the engine, reduced in proportion to their respective ve» 

2/ 
locities, or in the proportion of *-=r. Thus, after its transfer 

I 

to the engine, it is expressed by 

which is the expression of the power of traction as applied 
to the progress of the engine. 

On the other hand, M being jthe weight of the load, ex- 
pressed in tons, and n representing the resistance for each 
ton of the load, such as we have determined it in the pre- 
ceding chapter, nM is the resistance of the train. Finally, 
if we represent by X the proper resistance or friction of the 
engine, 

nM + X , 

will be the total resistance offered to the motion of the'engme. 
Having seen that, when the motion is uniform, the power 
applied by the engine is equal to the resistance, we have 



?^=«M+X; 



and finally, 



N 
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which equation gives us the value we sought of the friction 
of the engine. 

In this equation p is the effective pressurjc in lbs. per 
square inch in the boiler ; d the diameter of the piston ex- 
pressed in inches; / the length of the stroke ; and D the di- 
ameter of the wheel; both expressed either in inches or in 
feet, which is indifferent, equation containing only their ra- 
tioi The number n, which is the resistance per ton, is 8 lbs.; 
and thus the value of X, when found, will also be expressed 
in lbs. 

Here, as well as in the experiments made above with en- 
gines whhout load, we do not, in calculating the resistance, 
take into account the atmosphe;*ic pressure ; because, also, 
in calculating the power, instead of reckoning the total pre^ 
sure of the steam, we can only reckon its surplus above the 
pressure of the atmosphere. In doing this, we only suppress 
on each side two equal forces which equilibrate. Having 
here, as before, only to compare the poweir and the resistance 
in the case of equality, the substraction of an equal quantity 
can take place on both sides without altering the result 

The formula we have obtained is very simple, and the 
principle it represents will easily give us the resistance of 
the engine, in all the cases in which it has attained the limit' 
of its power. All that remains to be done, is therefore to ar- 
rive at that point. 

In consequence, experiments were made in that view, 
sometimes taking the greatest loads the engine was able to 
draw, and at others only middling loads, but lowering the 
pressure, by means of the spring-balance, as much as possi- 
ble, without stopping the train. 

Those experiments were made on three inclined planes of 
the Liverpool and Manchester Railway ; viz. Sutton plane 
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inclined at ^V 5 Whiston plane inclined at ^ ; and the rise 
of Chatmoss at t^Vtt*^ ^" estimating the resistance on these 
planes it is clear that the gravity of the mass, decomposed 
along the plane, forms an additional resistance to the friction 
of the carriages ; so that the resistance of the train, not in-* 
eluding the friction of the engine, is then composed of the 
friction of the wagons, at the rate of 8 lbs. per ton, and 
moreover of the gravity of the total mass in motion on the 
plane. Thus a train of 40 1, drawn by an engine weighing 
10 t,. offers on Sutton inclined plane the following resist- 
ance : — 

40 X 8 lbs. = 320 lbs. friction of the carriages at 8 lbs. lbs. 
per ton 320 

40 X 2240 lbs. ^ i^QOGlbs. gravity of the 40 1, (reduced 



89 



in lbs.) on a plane inclined in the ratio of -^ 



1,006 



10 X 2240 lbs. 
. 89 

same plane 



= 251 !6 lbs. gravity of the engine on the 



252 



Total resistance, not including the friction of the engine 1,578 

And as we know that on a dead level a ton only requires 
8 lbs. traction, we see that the train going up the plane is 
equal in that circumstance to a load on a dead level, of 

This is the manner in which the calculation will be made 
in the following experiments. 

We give a considerable number of experiments, because 
having to apply to the wagons their average resistance per 
ton, the greater the number of carriages, the more accurate 
will be the calculation. 



* See the Section of the Liverpool Railway, Chap. V., Art VH., § 1. 
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Section 2. — Experiments on the additional Friction of 

Engines. 

I. On July 22, 1834, the Vulcan engine, cylinders 11 
in., stroke 16 in., wheels 5 ft., weight 8.34t., ascended 
Sutton inclined plane with a first-class train of nine car- 
riages, among which the mail and two empty trucks; weight 
of the train, tender included, 39.07 1 

The velocity of 26.6 miles, before arriving at the plane, 
settled at the rate of 20 miles an hour for the first half of the 
ascent, took then an average of 11.42 miles, and went down 
to 7.5 miles in the last quarter of a mil^ of the ascent, which 
is a little steeper than the rest. 

The spring-balance of the engine, fixed at 31, as a point 
of departure, marked 36, which by the mercurial gauge cor- 
responds to 57.5 lbs. efiective pressure per square inch. 

In consequence of the proportions of that engine, we 
have : 

190 area of the two cylinders in square inches, multiplied by 
57.5 lbs. pressure of the steam per square inch in the boiler or on 

the piston, makes 
10,925 lbs. force applied on the piston ; which being transferred 

as a power of traction to the engine, the velocity of which 

is 5.887 times greater, gives 

10 925 

* lbs. = 1856 lbs. power applied to make the engine ad- 

5.887 • 

vance. 

On the other hand, the resistance was 

39.07 X 8 lbs. =s....813 lbs. resistance, pwing to the friction of 

the carriages. 

47.41 X 2240 lbs. -_^^ . . *u ' •. e .i. 
— = 1193 resistance owmg to the gravity of the 

total mass, train and engine. 

1506 total resistance. 
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Thus: 

1,856 lbs. power applied. 
«— 1,506 resistance, equal to 188| t on a level 

350 corresponding friction of the engine. 

As we have said, the average velocity of the ascent was 
11.42 miles per hour, and the velocity at the top of the 
plane 7.5 miles per hour. 

In all the experiments we give those two velocities sepa- 
rately, because the engine having a great impulse on arriving 
at the plane we wish as much as possible to disengage that 
acquired velocity from the velocity proper to the motion. 
If we were to take 11.42 miles as the velocity of the mo-^ 
tion, it would be a little too much, being complicated with 
the first impulse. On the other hand, by taking 7.5 miles 
we should commit a contrary error, because the last quarter 
of a mile of the ascent is steeper than the rest, and surpasses 
the inclination of ^ on which our calculation is founded. 

They call first class trains those which carry travellers, 
and go from Liverpool to Manchester without stopping. 
The carriages of those trains are never weighed. In all 
the experiments we have calculated them at an average 
weight of 4.73 1. loaded, and the mail coach at 3.44 1 The 
tender is reckoned at the rate of 5 1., or 5.50 1. according to 
the quantity of water aqd coke it contains at the moment of 
the experiment. The weight of the wagons, whether empty 
or loaded, is taken exactly in tons, cwts., quarters, and 
pounds. To simplify we shall express it here in tons and 
decimal fractions of tons. 

II. On July 22, 1834, the same engine, the Vulcan, 
ascended Whiston inclined plane with a first-class train of 
9 carriages, amongst which were the mail and two loaded 
trucks; weight of the train, tender included, 41.32 t The 
velocity remained uniform during the ascent at 18.75 miles 
an hour, diminishing only to 12 miles an hour on the last 
quarter of a mile. The balande fixed at 31 marked 36, or 
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effective pressure by the mercurial gauge 57.5 lbs. per square 
inch in the boiler. 

This experiment gives : 

lbs. 

1,856 power. 
1,489 resistance, equal to 186 1. on a level 



367 corresponding friction of the engine. ' 

• III. On July 23, 1834, the Atlas, cylinders 12 in., 
stroke 16 in., wheels 5 ft, weight 11.40 t., balance fixed 
at 50. lbs. as a point of departure, started from Liverpool 
with a train of 40 wagons weighing exactly 190 t, and, in-' 
eluding the tender, 195.50 t. • 

The help of two other engines was necessary for the 
moment of starting. On Whiston inclined plane the train 
was helped by four engines; viz. two in front of the train, 
the Ajax and the Experiment, and two behind, the Sun 
and the Goliath. Drawn thus by' five locomotive engines, 
the train went up the plane without a moment's delay; and 
once at the top, the Atlas resumed alone the haulage. 

Arrived at the rise of ChatmosSy the engine with its 
whole train, ascended it without help for a space of 5i 
miles. Its velocity was however considerably reduced. 
The first six quarters of a mile were travelled with a uni* 
form velocity of 15 miles an hour, pressure 51 by the 
balance, or 54 lbs. by the mercurial^gauge. During the 
four following quarters the velocity was 10 miles an hour, 
same pressure. Here began a steeper ascent for half a mile. 
At this point the velocity decreased rapidly. During the 
first quarter of a mile it fell from 10 miles to 6 [miles an 
hour; during the second it fell to 3i miles, and continued 
diminishing to the end of the pass. In proportion as the 
velocity diminished the pressure rose ; first to 51 i, then to 
52 by the balance, where it stopped, pressure corresponding 
with 55 lbs. by the mercurial-gauge. After the passage of 
the obstacle the velocity increased again to 4i miles, then 

17 
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lbs. 

2,111 power. 
1,504 resistance, equal to 199? t on a level. 

517 corresponding friction of the engine. 

VI. On July 24, 1S34, the Fury, cylinders 11 in., stroke 
16 in., wheels 5 ft., weight 8.20 t., ascended Whiston with 
a train of 10 wagons, weighing together 51.16 t., and 56.16 1 
with the tender; balance fixed at 32 and marking 35, or 
effective pressure by the mercurial-gauge 65^ lbs. per square 
inch in the boiler; average velocity 6.31 miles an hour, re- 
duced to 3.33 miles at the top of the plane. 

2,114 power. 

1,951 resistance, eqaal to 244 t on a level. 



163 corresponding friction of th^ engine. 

VII. On July 24, 1834", the same engine, the Fury, as- 
cended Sutton with a train of 10 wagons weighing 43.80 t, 
and 48.80 t including the tender; balance fixed at 32 and 
marking 36, or effective pressure 67 lbs.;, velocity 15 miles 
an hour. The engine drew its train with evident ease. 

lbs. 
2,162 power. 
1,825 resistance, eqaal to 228 t. on a level. 

337 corresponding friction of the engine. 

VIII. On July 31, 1834, the Atlas, of which the pro- 
portions have already been given, cannot ascend Whiston 
with a load of 14 wagons weighing 61.65 t., and 67.15 t 
tender included, though the balance had been carried to 57, 
as point of departure, and marked 60, or effective pressure 
63 lbs. per square inch in the boiler. 
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lbs. .' 
2,419 power. 
2,370 resistance, equal to 2967 t on a level. 

39 surplus of the power over the resistance, not sufficient to 
overcome the friction of the engine. 

IX. On July 31, the same engine, the Atlas, cannot as- 
cend Sutton with a train of 8 wagons loaded and 4 empty, 
weighing 35.15 t., and 40.15 t. tender included. The 
4)alance had been purposely lowered to 40, as point of de- 
parture, and marked 42^, or effective pressure by thfe mer- 
curial-gauge 46 lbs. per square inch. The velocity from 20 
miles an hour, as it was before arriving at the plane, fell 
immediately to 7^ miles in the first quarter of a mile; in the 
second quarter it fell to 4|^ miles; in the third to 2^ miles, 
and at last the engine stopped. 

lbs. 

1,766 power. - 
1,619 resistance, equal to 202^ t on a level. 

147 surplus of power over the resistance, not sufficient, as we 
see, to overcome the friction of the engine. We have 
seen that the friction of this engine, even without a load, 
is 152 lbs. 

X. At the conclusion of the latter experiment, and just 
at the moment when the engine stopped, the balance was 
raised to 45, and marked 47^, or effective pressure by the 
mercurial-gauge 51 lbs. With that pressure the engine 
regained velocity by degrees, and attained a unifbrm velo- 
city of 7i miles an hour, with which it reached the top.. 

lbs. 

1,958 power. 
1,619 resistance, equal to 202| t on a level. 

339 corresponding friction of the engine. 
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the balance, or 55 lbs. by the mercurial-gauge. Average 
velocity 13.33 miles, minimum velocity 10 miles an hour 
at the top of the plane. 

lbs. 

1 J75 power. 
• 1,466 resistance, equal to 183^ tons on a level. 



309 corresponding friction of the engine. 

XV. On August 15, the Leeds, cylinders 11 in., stroke 
16 in., wheels 5 ft, weight 7.07 1, ascended Sutton with 7 
wagons, weighing 29.65 t.,and tender included 35.15 t. The 
pressure purposely reduced, stood at 29 by the balance, or 
48.5'lbs. by the mercurial-gauge. The velocity of 15 miles 
an hour for the first mile of the ascent fell to 10 miles for 
the following quarter, and to 6.6 miles for the last quarter 
of a mile near the top ; average velocity 10 miles. 

lbs. 

1,565 power. 
.1,344 resistance, equal to 168 t. on a leVel. 



221 corresponding friction of the engine. 

XVI. On August 16, 1834, in the morning, the Vesta, 
the proportions of which have already been given, ascended 
Sutton with a train of 7 loaded wagons, weighing together 
34.43 t., and 39.93 t., tender included ; the valve fixed at 
20, as point of departure, on the balance, and blowing at 23i, 
or effective pressure per square inch by the mercurial-gauge 
57.25 lbs. Velocity at the top of the plane, 2.50 mifes. 
(The engine had set off on the plane without impulse or ac- 
quired velocity.) 

lbs. 

1,891 power. 
1,543 resistance, equal to 193 1. on a level. 



348 corresponding friction of the engine. 
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XVII. On August 16, 183^ in the morning, the same 
engine, ascended Sutton with 8 wagpns, weighing 31.95 1., 
and 37,45 1, tender included ; balance fixed at 20, ^s point 
of departure, and marking 23 j, or effective pressure 58 lbs. 
per square inch in the boiler by the mercurial-gauge. Mini- 
mum velocity at tbemoment of attaining the summit of the- 
plane, 3.25 miles. 

lbs. 

1,915 power. 
1,462 resistance, equal to 182| t on a level. 



463 corresponding friction of the engine. 

XVIII. On August 16, in the Evening, the same engine, 
the Vesta, ascended Sutton with 8 loaded vi^agons, weigh, 
ing 27.05 1, and 4 empty ones, weighing together 7 1. more 
the tender, making altogether 39.05 1. Balance fixed at 
20 lbs., and marking 23 lbs., or effective pressure per inch 
56. 5 lbs. by the mercurial-gauge. Velocity at the n;iost dif- 
ficult point of the ascent, 17 complete strokes of the piston 
per minute, or 3 miles an hour. 

lbs. 

1,866 power. 
1,514 resistance, equal to 189 1. on a level. 



352 corresponding friction of the engine. 

Section 5. — Table of the Results obtained on the addi- 
tional Friction of Engines. 

If, amongst the foregoing experiments, we bring together 
those that have produced results, we get the following table. 
We have placed in it only those experiments, the velocity 
of which was not considerable. It is, indeed, clear that the 
more the velocity was reduced^ the nearer the engine was 
to attain the proposed end, that is to say, to arrive at the 
maximum load it could possibly draw with its pressure : — 

18 
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iacj^ also to consider the pressure on the piston as equal to 
that in the boileh' 

In f^ct, th^ steam being at a certain degree of pressure 
in the boiler, passes into a narrow steam-pipe, and from 
thence into the cylinder, where it immediately dilates, and 
would quickly attain the same degree of pressure as in the 
boiler if the piston was immoveable. However, the piston 
opposing on the contrary only a limited resistance, deter- 
mined by the load drawn by the engine, 40 lbs. per square 
inch for instance, will obey as soon as the ela^ic force of 
the steam in the cylinder will have attained that point A 
piston which .only bears a resistance of 40 lbs. per square 
Inch, is nothing but a valve loaded with 40 lbs. per square 
ifach. If the communication between the boiler and the 
cylinder were completely free, and without pipe or narrow 
passage, the piston would become a real valve for the boiler; 
and that valve giving way before the safety valve, which is 
loaded, for instance, with 50 lbs. per square inch, the steam 
in the boiler could hot rise above 40 lbs. The passage, 
however, being narrowed, the piston is not a valve for the 
boiler, but it i'emaiils one for the cylinder. 

From tUils result three points. 1st That the pressure 
in the cylinder is exactly equal to the resistance on the 
piston. 2d. That it is because the piston yields and gives 
way to the steam that the steam cannot augment its pressure 
beyond that point, nor rise to the pressure in the boiler; 
but that if by any means the piston could be rendered im- 
moveable, or only if it were not to give way quicker than 
the steam is generated, the equilibrium of pressure wobld 
iinmediately be iestablislied between the cylinder and the 
bbiler; and; 3d^ that if, in the steam-pipe, the velocity of 
tHe currbrit is greater thsin the one corresponding to the 
j^ieiieratibii ot the steani in the boiler, it is because the pres- 
iUbe is tess in the cylinder than in the boiler, and that in 
consequence, the fluid endeavours to put itself in equili- 
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briutn in the two vessels; without which there could only 
be the current^ owing to the generation of the steam. 

From these observations, we see that the efifective pres- 
sure on the piston may be calculated after that which exista 
in the boiler, as soon as the velocity of the piston is reduced 
to an equality with that of the generation of the steam. As 
we shall soon know by experience what is the total mass of 
steam, at the pressure of the boiler, generated by the engine 
in a given instant, it will be easy to calculate how many 
cylinders full of steam, at that pressure, the engine is able 
to furnish in a minute, and thus what is the velocity that 
corresponds to what we call full pressure in the cylinders* 
We shall then find, that for the engines we are examining, 
that velocity is at least twelve miles an hour. Thus we 
may consider that in all the cases in which the velocity did 
not exceed that rate, the pressure in the cylinder was the 
same as in the boiler, and, consequently, that in reckoning 
it in that proportion, we had the exact measure of the power 
then applied by the engine. 



»*■ 



CHAPTER V. 



GENERAL THEORY OF THE MOTION OF LOCOMOTIVE 

ENGINES. 



ARTICLE I. 



OP THE VELOCITY OP THE PISTON. 

• 

In endeavouring to calculate the effect of steam engines, 
that is to say, the velocity of the piston under a given load, 
the calculations have until now rested on two datOj the 
pressure of the steam in the boiler and the resistance of the. 
load on the piston ; one being considered as representing the 
power exercised by the engine, and the other the resistance 
opposed by the load. 

This mode appears exact at first sight, and seems to em- 
brace all the data of the problem ; but the mistake commit* 
ted in that respect ought to have been discovered, since 
every formula obtained in that way is easily demonstrated 
false by experience. 

It is particularly when we wish to apply that mode or 
or those formulae to the motion of locomotive engines, in or-* 
der to calculate what load they are able to draw at a given 
velocity, or what velocity they will acquire with a given 
load, that we discover the formulae give no rational result. 

The cause thereof resides in the following fact, viz. that 
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the pressure of st^m in the boiler is by no means the com- 
plete expression of the power of the engine. It only indi- 
cates that power for a determined instant. It is indeed suf- 
ficient whenever it is required to compare the efibrt applied 
with the effect produced, during a very short instanti or in a 
case of equilibrium ; but as soon as we have a continuation 
of motion, the pressure in the boiler is no longer sufficient 
to represent the power of the engine. This is nothing more 
than what is observed continually in mechanics. In a case 
of equilibrium, the measure of a force is the mass with 
which it eqdilibrates ; but in a case of motion, the force is 
represented not only by the mass it sets in motion, but also 
by the velocity it is able to impart to that mass. In other 
words, the force is represented by its oWn intensity added 
to the velocity with which it is able to keep up that inten- 
sity. The same thing occurs here. The pressure in the 
boiler indicates the mas9 with which the engine can equili- 
brate ; but it is the velocity of generation of the steam that 
indicates the motion the engine is able to impart to that 
mass. . 

It is^ in fact, evident that the power of the engine resides 
at the same time, both in the greater or smaller quantity of 
steam generated, and in the degree of pressure or elastic 
force of that steam. The power consists thus in the quanti- 
ty of water the engine is able to transform into steam in a 
given time, for instance in a minute, which we shall call the 
evaporating power of the engine, and in the degree of pres- 
sure of the steam. 

In that valuation we see that the pressure is only the means ... 
by which to ascertain the state or intenseness of the power, at.' ,^ t 
the moment its quantity is measured ; and this explains the 
reason why, when the motion is not to last, and that in con- 
sequence the quantity need not to be considered, the pres- 
sure is sufficient to represent the power. But this is not the^ 
case in a continued motion. 

When an experiment is to be made with an engine^ how- 
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ever weak it may be in regard to evaporating powjer, it will 
be easy, by charging the v^lve with 50 lbs. per square inch^ 
to fill the boiler with steam at that effective pressure. If 
then we attach to the engine a load of 100 1. which would 
produce^ by supposition, on the piston, a resistance of 46 lbs. 
per square inch, atmospheric pressure included ; shall we 
fay that the engine must necessarily draw that load with a 
certain fixed speed, which will only depend on the pressure 
of steam in the boiler and the resistance on the piston ? No, 
assuredly. For if it should happen that the engine trans- 
form in a minute a cubic foot of water into steam at the pres- 
sure of the boiler, it may by that evaporation sufiGice to pro- 
duce a certain speed ; but if, all things remaining the same, 
it only evaporates half the quantity, it is clear that it^will 
only be able to fill the cylinder half as many times in a mi- 
nute, and that consequently the pressure in the boiler may 
remain strictly the same, whilst the speed of the engine with 
the same load will necessarily be reduced to one half. We 
8e,e> thus, that neither the pressure io the boiler, nor the sup- 
position that that pressure be maintained in the same state 
in the different caaes of motion, are sufficient to represent 
completely the power of the engine. 

It is thus the evaporation of w))ich the engine is capable 
that rules its effect, and wh^ch mus^ consequently give us 
the measure of that effect. 

If, by analogy wit^h other boilers already trie^, |f^d by a 
comparison of the extent of the heating aurjGsiqes, we ,calcu- 
late beforehand what mass of steam a boiler j|s ^b)e tp gene- 
rate in a .minute, at a given pressure, we shall then begin to 
get an idea of the power pf which it disposes, a,nd which the 
engine is able to carry into action. 

If, better still, we fill the boiler with wa^r, and produce 
by some manner or other, in the fire-place, a fire as intense 
as it generally is when the engine is at work, ^o that we may 
thus ascertain its evaporating power, then only shall we know 
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what the engine, to which we may join that boiler, will be. 
able to execute in a given time. * 

The pressure in the boiler, taken by itself, can only solve 
one of the questions we have to consider : that is to say, the 
greatest load the engine is able to draw, on account of the 
necessity which exists that the resistance on the piston should 
never exceed the pressure in the boiler, as in that case the 
resistance would be greater than the moving power and no 
motion would ^be generated. But, that one case excepted, 
we must necessarily have recourse to the evaporating po wer^ 
the pressure being only one of the elements of the force 
which is to be computed. The separate influence of each of 
those two elements in the result is as follows : 

The greatest possible load is marked by the degree of 
pressure in the .boiler. 

And the greatest speed with that load, or with any other« 
18 given by the evaporating power. 

It is therefore by employing both these elements that we 
shall be a]|le to solve the question. 

With that view we shall successively coni;id6r three dif- 
ferent points. 

The resistance produced on the piston by a given load; 

The pressure of the steam in the cylinder in consequence 
of that resistance ; 

And, finally, the determination by experiments of the 
evaporating power of the engines. 

These foundations once established, the effect of an engine 
may easily be calculated by comparing the force of traction 
the load requires, which fixes the power the engine must 
expend, with the mass of power of which it is able to dis- 
pose ; that is to say, its evaporating power. ^ 

19 
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ARTICLE 11. 

OF THE BESISTAHCE ON THE PISTON OWING TO A GIVEIT 

LOAD. 

We have already explained that when a load is attached 
to an engine, the total resistance which is opposed to the 
motion of the piston is composed, Ist, of the resistance of 
the load; 2d, of the resistance of the engine; 3d, of the 
atmospheric pressure. By the same reason the real elastic 
force of the steam is not expressed by its effective pressure^ 
but by its total pressure. 

In the calculations we have hitherto made, having only 
to compare the power with the resistance in cases of equality 
or equilibrium, and without admixture of any other conside- 
ration, we were at liberty to deduct on both sides an equal 
quantity, that is to say, to take into account only the effective 
pressure, and the effective resistance. But now we shall 
have to consider the steam in regard to its volume; and, that 
volume being determined by the total pressure, we must 
keep that expression of the elastic force as well as the one 
which corresponds with it for the resisting force. 

Thus the resistance on the piston is composed. of the three 
resistances, of the load, the engine and the atmosphere. Of 
these three forces, that which is owing to the atmospheric 
pressure is exerted immediately and directly on the piston. 
It must therefore be moved with the same velocity as the 
piston itself. But with the two others it is different We 
have already seen that, in a machine, the pressures produced 
on different points are in an inverse ratio to the velocity of 
those points. Here, the engine and its train require to be 
moved with a velocity greater than that of the piston, in the 
proportion of the circumference of the wheel to twice the 
length of the stroke. The in tenseness of the pressure pro- 
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iluced on the piston, by the resistance of the load and that of 
the engine, is therefore greater than those same resistances 
in the above-mentioned proportion of the velocity of the 
wheel to that of the piston. 

Supposing M Uf represent the number of tons con^posing 
the total load, tender included, and n the resistance per ton, 
nM will be the resistance of the train. If besides F ex- 
presses the friction or resistance of the engine without load, 
and d the additional friction per unit of load, F + ^ M will 
be the friction of the engine at the moment it draws the 
load M. 

Thus, 

F + 5 M + nM 
will be the resistance opposed to the progress along the rails 
by the engine and its train. 

This force producing on the piston a resistance augmented 
in the proportion of the circumference of the wheel, to twice 
the stroke of the piston, if D be the diameter of the wheel, 
/ the length of the stroke, and ^ the ratio of the circumfe- - 
rence to the diameter, 

(F + ^ M + 'iM)^ 

will be the resistance on the piston owing to that force ; that 
is to say, to the friction of the engine and its train. 

In the same way, representing by d the diameter of the 
cylinder, ^d» will be the area of the two pistons, and 

(F+5M + nM)^ 

-J75; . or(F + 5 M + «M)-^ 

will be the same force divided over the piston per unit of 
surface. 

Adding to it, therefore, the atmospheric pressure per unit 
of surface, which we shall represent by p, we shall finally 
have, for the total pressure, owing to the resistance, 

'. R==(F + 3M + nM)^ + p. 



// 
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In this equation M is the weight of the load in tons, n i» 
equal to 8 lbs. and ^ =r. 1 lb. D, / and d are expressed in 
inches, F and p in pounds ; thus the value of R, when found, 
is the pressure resulting on the piston, in pounds per square 
inch. 

The quantities D, / and d might also be expressed in feet, 
and p in lbs. per square foot. In that case, the value of R, 
when found, will be the pressure per square foot on the pis- 
ton. This way of expressing the resistance comes exactly 
to the same as the preceding one, and is sometimesNmore 
convenient for calculation. 

Applying this to a load of 100 1., drawn by an engine with 
cylinders of 11 in. diameter, stroke 16 in., wheel 5 ft, fric- 
tion 110 lbs., we have, — 

100 X 8 Ibs.ss 800 lbs. resistance of the train in lbs. 

110 lbs. friction of the engine without load. 
100 lbs. additional friction, owing to the load. 

1010 lbs. total resistance to the progressive motimi 

of the wheels. 

3.1416 X 60 in. = 188.50 in. circumference of the wheel ex* 

pressed in inches. 

2 X 16 in. ss 32 in. double of the stroke. 

188.5 

— - — = 5.887, ratio of the velocity of the wheel 

and of the piston. 

Thus 1010 lbs. X 5.887 =s 5,946 lbs., resistance produced on the 

piston. 

-2 

« .. 3.1416 X 11 -^^ . f .u • * 

Besides =190 in. area of the pistons m square 

inches. 

Thus — -— — ^ = 31.2 lbs. resistance on the piston, divided over 

each square inch of its surface. 

And, lastly, 31.2 lbs. + 1^*7 lbs. =46 lbs. final resistance per 
unit of surface of the piston of an engine with cylinders of 
11 in. diameter, &;c. drawing a load of 100 gross (onsr tender 
includedr 
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ARTICLE III. 

OF THE PRESSURE IN THE CTLINBER. 

The resistance on the piston being known, we may de^ 
duce from it the pressure of the steam, at the instant it acts 
as a moving power in the cylinder. It is sufficient for that 
to observe what passes during the motion. 

The steam, being at first shut up in the boiler at any de- 
gree of pressure, passes into the steam-pipes and froqi thence 
into the cylinders. When it arrives in those cylinders, the 
area of which is about ten times as great as that of the pipes, 
the steam must necessarily expand and lose in the same pro- 
portion of its elastic force. However, the piston is still im- 
moveable ; so that the steam continuing to arrive rapidly, 
the equilibrium of pressure is quickly established between 
the boiler and the cylinder. The pressure then becomes 
the same in the two vessels, and the piston, being impelled 
by the force of the steam, begins slowly to move. The mo- 
tion is communicated to the engine and to its whole train, 
and the mass gets a certain speed. This acquired speed 
continuing a little longer than the cause which produced it, 
the consequence is, that, at the following stroke, the steam 
finds the piston already slowly driven in a retrograde direc- 
tion, at the moment when it gives it a fresh impulse, which * 
in its turn is communicated to the total mass, where it c^n-* 
tinues to accumulate. Thus, receiving at each stroke a fresb 
impulse, while it still keeps the preceding one, the piston 
accelerates, by degrees, its speed, and the train finally 
acquires all the velocity the engine is able to communicate 
to it. 

We have said that, at the beginning of the motion, an 
equilibrium of pressure is established between the boiler and 
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the cylinder ; but, in proportion as the velocity of the piston 
increases, this piston recedes, in a way, before the steam, 
without giving it sufficient time to establish the equilibrium, 
80 that the pressure in the cylinder must necessarily dimi- 
nish. 

Nevertheless, the increase of the velocity and the dimi- 
nution of the pressure have their limits. It is observed in 
every machine that the speed, at first very small, increases 
by degrees, as we have said, but only to a certain point 
which it never passes, the moving power not being capable 
of a greater speed with the mass to be moved. If the ma- 
chine is well-constructed, and particularly if it is regulated 
by a fly-wheel, the velocity once acquired is maintained 
without alteration, although the action of the moving power 
may continue to vary or to oscillate between certain limits, 
and the motion becomes perfectly uniform. 

In the engines we consider, the mass of the train itself 
acts the part of a fly-wheel. That mass receives and stores 
up in a manner, the additional velocity produced by the 
moving power at the time of its greatest action, in order to 
refund it afterwards, whenever the moving power happens 
to be in a moment of less forcdl It is from the difficulty of 
increasing and also of diminishing the speed of the mass, that 
the uniform motion results. 

In regard to certain parts of the engine which, like the 
piston for instance, must necessarily vary in velocity during 
their oscillations, the uniformity of which we are speaking, 
consists in an exact periodical motion, wfaich causes the ve- 
locity at each point of an oscillation to be precisely the same 
as it was at the same point of the preceding one. The re- 
sult of this is, that if we take the duration of one of these os- 
cillations as the unit of time, the motion will be strictly uni- 
form. 

As soon as the motion has acquired uniformity, which al- 
ways takes place after a very short time and which is the 
regular state of the engine while travelling, the moving 
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power, which at the beginning of the motion, was obliged 
to make an effort necessarily greater than the resistance, 
needs at present only to expend a force just sufficient to 
keep the resistance in equilibrium. For, if the moving 
power- were to apply a greater or smaller force, the motion 
would be either accelerated or retarded^ whilst, in fact, it is 
unifornu 

From that moment, consequently, the pressure of the 
steam in the cylinder ^ which is the effort applied by the 
moving power, must be equal to the pressure of the resist- 
ance against the piston, which is the effort made by the re- 
sistance. This principle has been already demonstrated less 
extensively in another place. 

We know thus* the pressure at which the steam is ex- 
pended by the cylinder, and as we also know the volun^'e 
of the cylinder, we shall be able from both to conclude the 
absolute expense of power which takes place at each stroke 
of the piston. It is that expense which, conipared with the 
total mass of steam of which the engine can dispose, will 
give us, without any difficulty, the means of determining 
the velocity of the motion. >* 
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^ ARTICLE IV. 

OF THE EYAFORATINO POWER OF THE ENGINES. ' 

I 

Section l.-^— Experiments on the Evaporating Power of 

the Engines. 

We have yet to <jletermine the chief element of the ques- 
tion, yiz. the evaporating power of the engines or the quan- 
tity of water they are able to transform into steam, under a 
determined pressure, in a given time. 

With that view we undertook a series of experiments on 
the quantity of water evaporated by the engines of the 
Liverpool and Manchester Railway, during their journey 
from one of those towns to the other. 

All the tenders on that railway hav^ig exactly the same 
dimensions and a uniform shape, one of them was weighed, 
first empty and then loaded, whereby was ascertained that 
every inch of water in the tank corresponded exactly with 
a weight of 206.5 lbs. Then we proceeded in the following 
manner :•— 

We first ascertained, by means of the glass tube, at what 
height the water stood in the boiler at the moment of start- 
ing; and then we also measured the exact height of the 
water in the tender. At the end of the journey, or at the 
intermediate station, if the engine stopped to take in fresh 
water, we first filled the boiler to the same height where it 
stood before setting ofi*, and then we measured the water 
remaining in the tender. The difierence between the 
height in the tender gave the^consumption of water during 
the journey. 

When describing these experiments, in order that the 
reader may see at once before him all the elements that 
have any importance in the question, we shall give the load 
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of the engine^ the time it took to complete the journey, 
which shows the velocity, the distance being 29 miles, the 
state of the spring-balance from which the pressure results, 
and finally the temperature of the water in the tender at the 
moment of starting. We shall explain hereafter the column 
containing the total rising of the valve, which would per- 
mit all the steam generated in the boiler to escape. 
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In those experiments, we have mentioned the state of 
temperature of the water in the tender, because that circum- 
stance must more or less facilitate the generation of steam, 
as it is easier to bring to the boiling point water already 
warm than cold water. However, as the temperature we 
mark in tlie tender, exists only at the moment of starting, 
and as it C2^n remain thus only during a very small part of 
the journey, which lasts an hour and a half to two hours, it 
really has but a very inconsiderable ijnfluence on the result, 
of which the above experiments are, besides, a sufScieut 
proof. 

We have also set down the pressure under which the 
steam was generated in each experiment Water not being 
able to evaporate under a high pressure, unless by means of 
a higher temperature, we have reason to suppose that, 
caeteris paribus, the engine must be able to evaporate less 
water under a more considerable ' pressure. But S3 we 
shall see below, in a table we shall give on the volume and 
temperature of the steam, that between the degrees of pres* 
sure at which the engines constantly work, viz., between 
50 and 60 lbs. effective pressure pel* square inch, the differ- 
ence of temperature is only 9 degrees by the thermometer, or 
4i degrees difference for the mean pressure, we shall easily 
be convinced that the influence of the pressure on the quan- 
tity of water evaporated must be almost imperceptible. 
Besides, when we employ a less elevated pressure, the 
steam generated under that pressure occupies more space, 
the boiler is too small to contain it, and the valve is conse- 
quently more subject to blow. The result. is, that the en- 
gine-man, accustomed to regulate himself by the valve, 
seeing it continually blow, does not animate his fire so much 
as in the case where the valve is fixed at a higher pressure. 
This circumstance, therefore^ compensates for the former 
one, and frequently surpasses it 

We see, consequently, in the related experiments^ that the 
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speed is the only thing' that has a constant and perceptible 
effect on the* generation of steam. 

The cause of this effect of the speed is, that^in those en- 
gines the steam, in issuing from the cylinders, is conducted 
to the chimney, where it creates an artificial current of air, 
and acts exactly in the same manner as the bellows in giv- 
ing activity to the fire. Every jet of steam represents a 
stroke of the bellows ; and it is consequently clear, that the 
more rapid the motion of the engine, the more cylinders of 
steam will be thrown into the chimney in a minute, and the 
more violently also will the fire be excited. 

By examining the experiments, we find, in fact, that the 
greater the velocity of the motion, the more considerable 
was the evaporation ; and for that reason it is necessary, in 
endeavouring to determine the evaporating power of the en- 
gines, to take them at their average velocity. 

The speed of 18} miles per hour, which is the average 
speed of our experiments, fulfils tolerably well that condition 
for the Liverpool engines. We must, therefore, consider 
the corresponding evaporation, which was equal to 55.82 
cubic feet per hour, as the average evaporation of the engines 
employed. 

Nevertheless, we see that some of those engines have 
evaporated 60 or 62 cubic feet of water per hour, which 
makes a cubic foot per minute, or a pound of water per se- 
cond. 

Section 2. — Of the evaporating Power per unit of heat- 
ing Surface. 

However, as the different engines that figured in the ex- 
periments differed in regard to their heating surface, we can 
determine precisely the evaporating power only, by com- 
paring the effects of evaporation with the dimensions of the 
surface which produces them. 

That is the object of the two last columns we added to the 
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preceding table, which repeat the dimensions of the heating 
surfaces of the engines, so asi^ they were given with more 
particulars in our first chapter (Chap. I. Art. II. § 3.) 

By the mean results of those two columns, we see that the 
average evaporation of 55.82 cubic feet of water, was pro- 
duced by a heating surface consisting of 43.12 square feet 
exposed to the action of the radiating caloric, and 288.35 
square feet exposed to the communicative heat. This is, 
therefore, the extent of evaporating surface to which we 
must refer the effect produced. 

If we admit, in consequence of the expe1?iment related in 
our first chapter (Chap. I. Art I). § 3,) that each unit of 
surface exposed to the communicative heat produces the 
third part of the effect that same surface would produce if 
exposed to the radiating caloric, the heating surface above 
may be represented by 139.24 square feet exposed to the 
immediate or radiating action of the fire ; and as those 
139.24 square feet have produced in an hour the evaporation 
of 55.32 cubic feet, we see that each square foothas evapo- 
rated a volume of water expressed by 0.4Q1 cubic foot 

Thus at a velocity of 18| miles per hour, which is nearly 
the average speed of the engines, each square foot of heating 
surface, exposed to the radiating action of the fire, evapo- 
rates in an hour a volume of water of 0.401, or a little more 
than y^ of a cubic foot This is the expression of the eva- 
porating power of the engines per unit of heating sur- 
face. Multiplying this, for each engine, by the extent of 
the heating surface, we shall find the total evaporating power 
of the engine. 

c 

Section 3. — Of the effective evaporating Power of the 

Engines. 

We must however remark, that although all that w^ter is 
transformed into steam, there is only a part of it applied to 
the working of the engine. To be convinced of this fact, 

I 
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we Deed only examioe the valves of the engines vrhile work- 
ing. We see them constantly emit a considevable quantity 
of steam, which, instead of entering the cylinders, escapes 
immediately into the atmosphere. This loss is a defect 
which it would perhaps not be difficult to correct, and, if 
corrected, would tend considerably towards an economy of 
fuel. 

The plan in contemplation on the Liverpool Railway of 
replacing the present cylinders of the engines by others of a 
greater diameter, will at least have that advantage, that in 
case of considerable loads, it will render available all the 
steam generated in the boiler. 

In the experiments of which we have given an account^ 
not only is that loss 'perceptible, but it is even susceptible of 
being to a certain degree appreciated. 

Under the head " State of the Spring-balance,^^ we 
have inscribed in the table above, according to the observa- 
tion in each experiment, the point of departure of the spring- 
balance, and the point at which it rose by blowing. The 
interval between these two degrees gives the rising of the 
valve that took place during the experiment, to which rising 
was owing the escaping of the steam. Thus, in the first 
experiment, the valve of the Vulcait, fixed at 31 as point 
of departure, rose to d2i by the blowing ; consequently, the 
rising of the valve was of li degree on the balance. The 
same for the others. 

In the following column we have given the quantity of 
rising sufficient for the valve of each of the engines to give 
issue to all the steam the engines are able to generate. This 
point may have been already observed in our experiments 
on the pressure. We have seen, that whatever care be taken 
to animate the fire, the valve can never rise beyond a certain 
point,, because then it gives issue to all the steam generated. 
An exact knowledge of this .point was easy to acquire by 
observation in the numerous experiments on the vek)city of 
the engines we are going to relate. 
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Thus we found, for instance, that the Atlas engine, 
travelling at its greatest speed, and stopped all of a sudden, 
at the instant it was generating the most steam, raised 
its valve from 50 degrees to 54 degrees ; and .that the 
passage resulting from that rising was sufficient to evacuate 
all the steam. In the same manner, the Leeds, Vulcian, 
and FuRT, raised in similar circumstances their valve from 
31 to 36, Vesta from 20 to 23^, and Firefly from 17 to 
20 ; the second valve of these engines being, besides, at the 
points indicated for them in our experiments on pressure. 
These degrees of ^rising naturally depend, 1st, on the quan- 
tity of steam generated by each engine, and the diameter of 
the valve ; 2d, on the dimensions of the levers and the size 
of the divisions of the balance, which makes a degree by the 
balance correspond with a greater or a lesser rising; and, 
lastly, on the second valve, which may give more or less 
issue to the steam. 

These circumstances explain the differences that appear to 
exist between the engines. In the Atlas, the second valve 
gave no issue to the steam, and the first was only 2i in. in 
diameter ; but the divisions of the balance of that engine 
being very great, on account of the proportions of the lever, 
four divisions of the balance were equal to a considerable 
rising of the valve, which was sufficient to evacuate the steam. 
In the Leeds, Vulcau, and Furt, the second valve did not 
rise in the pressures we employed; but the first valve, which 
is the one we consider here, was 3 in. in diameter. In the 
Vesta, the second valve gave issue to the steam as wdl as 
the first; the consequence of which was, that a rising of 3.5 
degrees of the balance was sufficient for the evacuation of the 
steam. Lastly, in the Firefly, only one of the valves blew, 
but at the time of the experiments that engine was in a very 
bad condition. Its boiler was leaky, the water ran out into 
the fire-place, where it evaporated, and a very small quantity 
of steam was really collected in the boiler. 

Repeated experiments having, therefore, determined these 
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points in a positive manner, it now becomes possible, with 
the elements we have at our disposal, to appreciate the quan- 
tity of steam that escaped during the above-mentioned ex- 
periments. It is sufficient for that to compare the two 
oolumns, one of which shows the rising that really took 
piadie, and the other the rising that would have been sufficient 
lor the evacuation of all the steam. By that means, we shall 
ifind that the average rising that took place during the expe- 
riments was 12 on 46.5. A quarter of the steam was, there- 
fore, lost through the valve — we might even say a little more, 
particularly considering that the Firefly engine was then 
in a bad condition— and lost some of its steam through the 
leaks of its boiler. 

On the other hand, that loss of steam is not accidental, but 
inherent to the construction itself of those, engines; and 
among all the experiments on the velocity that we shall re- 
late' below, there will scarcely be found a single instance in 
which that effect was not produced ; and when it was not, 
the reason was that the fire was not' excited to the highest 
possible degree. It is therefore necessary to establish a dis- 
tinction between the evaporating power of the engine and 
what we Ihall call their effective evaporating power; that is 
to say, the part of that power which is really applied to the 
working of the engine. 

From the experiments above, we find that of all the steam 
generated in the boiler, three quarters only enter into the 
cylinders. 

Thus, the evaporating power per square foot of heating 
surface exposed to the radiating caloric, having been found 
to be 0.401 cubic foot, the available part of it, or the effec" 
live evaporating power expressed in cubic feet of water 
evaporated in an hour per square foot of surf ace, is 0.301 
cubic foot ^ or -^ of a cubic foot. 

Finally, returning to the mean of the above experiments, 
the evaporating power was in each hour 55.82 cubic feet; 
consequently, the effective evaporating power, taken as an 
average for all the engines, is 41.87 cubic feet. 
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ARTICLE V. V 

OF THE PROPORTIONS OF TdE ENGINES; AND THEIR COUUB- 

SPONDING EFFECTS. 

t 

Section 1. — Analytical expression (^ the Velocity of 

the Engine with a given Load. 

With these elements it is easy to determine the velocitjr 
which an engine is able to acquire with a given load. 

Supposing, for instance, we have a load of •lOO t.« tender 
included, attached to an engine with cylinders of 11 in. 
diameter, stroke 16 in., wheels 5 ft., friction llO lbs., effec^ 
tive pressure of the steam in the boiler 50 lbs. per square 
inch, and finally efiective evaporating power, such as we 
have found it for the average of the Liverpool engines, that 
is to say, 41.67 cubic feet of water evaporated in an hour. 

We have already seen above (Chap. V. Art II.), that the 
total resistance which that load opposed to the motion of 
the piston in the case of that mgine was 46 lbs. per square 
inch; and we have also seen that, in consequence of that 
resistance, the total pressure of the steam, when arriving 
in the cylinder, was also necessarily 46 lbs. per square inch. 

The mass of water evaporated is 41.87 cubic feet per 
hour, or 0.70 cubic feet per minute. This water is imme- 
diately transformed, in the boiler, into steam, at the efiective 
pressure of 50 lbs* per square inch, or at the total pressure 
of Q5 lbs. per square inch. 

But we know the volume of the steam generated under a 
determined pressure. Tables of that volume have been 
formed from experiment, and one will be found below, § 11. 
According to these tables, the steam, generated under a 

22 
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total pressure of 65 lbs. per square inch, occupies 435 times 
the space of the water which produced it. Thus the water 
transformed into steam at the total pressure of 65 lbs. per 
square inch, and spent each minute in the motion, formed a 

volume of , 

0.70 0. ft. X 435 = 304 cubic feet. 

This steam, penetrating into the cylinders, is then re- 
duced to a pressure of 46 lbs. Its temperature, however, 
remains the same, because the pipes that conduct it to the 
cylinders and the cylinders themselves are immersed in the 
boiler, or surrounded by the flame that comes out of the 
fire-place. We know that the space occupied by the steam, 
when its temperature remains the same, augments in an 
inverse ratio to the pressure. At the moment it arrives in 
the cylinders,' Ihat same mass of steam occupies consequently 
a greater space in the proportion of 65 to 46. 

Thus its total volume is then 

304 X T^ = 430 cubic feet. 
46 

Now, the area of the two cylinders is 190 square inches 

or 1.32 square foot; thus the above volume of 430 cubic 

feet of steam, passing through the cylinders in a minute, 

must necessarily cross them with a velocity of 

430 „„«- , 

=3 326 feet per mmute, 

l*o« 

which gives us, consequently, the velocity of the piston in 
feet per minute with the supposed load. 

To deduce from that the speed of the engine in miles per 
hour, we must observe that an hour contains 60 minutei^ 
and thus that the speed per hour will be 60 times as great; 
a mile containing 5280 ft., the produce must be divided by 
that number in order to have the speed expressed in miles; 
and finally the speed of the engine, according to the pro- 
portion of the stroke to the diameter of the wheel, is 5.887 
times that of the piston. 
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We shall consequently have 

— X 5.887 = 21.83 miles, velocity of the engine per 

0«oU 

hour. 

Thus we see that the evaporation supposied above, must 
necessarily produce a velocity of 21} miles per hour for the 
engine; that is to say, that a locomotive engine, with the 
above-mentioned proportions, is able, if in a good condition 
and with a well-animated fire, to draw a load of 100 t, 
tender included, with a velocity of 21| miles an hour. 

The same mode of calculation may serve for any other 
load or any other engine. Thus, in general, making again 
use of the letters already employed in our research of the 
resistance on the piston, viz. 

M representing the number of tons of the load. 

n the resistance of the load per ton. 

F the friction of the engine without load. 

S its additional friction for each ton of the load. 

D the diameter of the wheel. 

d the diameter of the cylinder. 

/ the length of the stroke. 
' And p the atmospheric pressure per unit of surface. 

R = (F + 5 M + nM) -^ + p, 

will be the pressure of the steam per unit of surface in the 
cylinder as above demonstrated (Chap. V. Art. II.). 

If, besides, 
P express the total pressure of the steam in the boiler ; 

s, the effective evaporating power of the engine expressed 
by the number of cubic feet the boiler is able to evaporate 
in a minute at the pressure P, 

And m the ratio of the volume of the steam, at the de- 
gree of pressure P, to the volume of water, 

m X 8 
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will bo the total volume of ateam generated in a minute at 
the pressure P of the boiler. 

The steam, arriving in the cylinder, passes from the pres- 
sure P to the pressure R, and changes its volume in an in- 
verse ratio to the pressures; so tliat 



is the space occupied by the steam when arrived in the 
cylinders. 

This volume of steam, crossing the cylinders in a minute, 
if we divide it by the area of the cylinders, we shall have 
the speed it must necessarily have, and consequently the 
velocity it will communicate to the piston. 

Now the area of the two cylinders is h^d^; thus the 
velocity per minute will be, 

i'^d' R' 
In order to effect that division, the area of the cylinders 
ought necessarily to be expressed in units similar to those of 
the volume s. The area of the cylinders must be then ex- 
pressed in square feet and not in inches ; and the same con. 
dition is consequentjy'required also for R, P, and p. So in the 
calculation we must express the pressures in lbs. per square 
foot, which puts them at the same rate as if expressed in the 
usual manner. 

Passing from this expression to the velocity of the engine, 
we know that it is to the velocity of the piston in the propor- 
tion of the circumference of the wheel to twice the stroke, 
thus the speed of the engine is 
msP D 

or, putting for R its value found above, and passing from the 
speed per minute to the speed per hour, in multiplying by 
60, 

,r „„ «M P D 



i 
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(F -I- d M + nM) D + p dH' 
It must be remarked that 60 a is equal to S, or the evapo- 
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rafing power per hour ; that is to aay, that by employing 
this value it is no longer necessary to multiply by 60, and 
the reckoning will be simplilled in ita application. 

The formula will then be, 

T- "'PS D 

[F + (J + n) M] D + fdH- 

This will consequently be the general espreasion of the 
velocity of the engine per hour ; e'spression in which every- 
thing is known by measures taken on the engine, even the 
evaporating power S, which results from the extent of the 
healing surface computed as above, in, which is the volume 
of the steam generated under the pressure P, is found in a 
table like the one below (Chap. V. Art. V. § H.). 

By means of this formula, and by measures simply taken 
on the engine, it will therefore be easy to determine imme- 
diately the effect we may expect from it. 

Jn that expression, the evaporating power S being expres- 
sed in cubic feet, the resulting speed will also be expressed 
in feet If we tvish to have it in miles, as a mile contains 
5260ft., it will be sufficient to divide by that number, and 
the result will be the speed of the engine in miles per hour. 

We shall see further on that the produce mP is almost in- 
variable; and consequently we learn by the inspection of 
this formula, that the velocity of an engine with a given 
load increases with the heating surface and the diameter 
of the wheel, and diminishes, on Ihe contrary, when the 
diameter of the cylinder and the stroke of the piston aug- 
ment. 

Section 2- tdnalytical expression of the Load that an 
Engine can draw at a given Velocity. 

If, on the contrary, we wish to know the load a given en- 
gine can draw at a determined speed, it is sufficient, in the 
foregoing equation, to consider V as known and to draw 
from it the unknown quantity M. 
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It will then be, 
,^ mPSD— p(f«/V 



(^ + n) V D 8 + n* 

After the manner that the calculation has been established, 
it is clear that the value we shall find for M, will be the 
number of tons of the total load, that is to say, tender in- 
cluded. 

Section 3. — Of the Heating Surface that must be adopt- 
ed to obtain from an Engine a determined Velocity 
with a given Load. 

m 

The same equation may also slerve to determine any one 
of the indeterminate quantities in the general problem of lo- 
comotive engines. Thus, for instance, it will show the ex- 
tent of heating surface, or the evaporating power necessary 
to enable an engine to draw a known load at a fixed speed. 
For that, we have only to draw from the general equation 
the value of S. 

It will be, 

_ V [(^ 4- n) M D 4- F D -f^ p rf«/] , 

mFD 

The result thus obtained will be the effective evaporating 
power of the engine in cubic feet of water per hour ; and as 
we have seen (Chap. V. Art. IV. § 3) that the effective 
evaporating power is equal, to ^^^ of the heating surface ex- 
pressed in square feet, we shall easily obtain the last by mul- 
tiplying the result by the fractional number ^j^. 

Section 4. — Of the Maximum Load of an Engine with 

a given Pressure. 

We found above (§2) the expression of the load an en- 
gine is able to draw at a given velocity ; and the less the ve- 
locity, the more considerable may be the load. We muiiit, 
however, add that in all cases, for the motion to be possible, 
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the resistance on the piston must not be greater than the 
force that is to move it. Consequently^ the resistance we 
have expressed by R, must, at most> be equal to P. This 
observation fixes the limits of the possible load, wjth a deter- 
mined pressure. Beyond that point the equation may con- 
tinue to give results, but they will no longer suit the ques^ 
tion. The limit of the load with the pressure P will thus 
be known by the equation R => P • or, 

[F + (5 + n) M] j^ + p =. P, 

which gives 

(P.^p)c/./ F 

(^ + n)D 8+n 
This equation will give the maximum load of the engine, 
including the weight of the tender, subservient, however, to 
the conditions of adhesion explained hereafter, in Chap- 
ter VIII. 

Section 5. — 0/ the Velocity of the Engine correspond- 

ing with the Maximum Load, 

Putting that value of M in the formula that gives the 
speed, we have the speed corresponding with the maximum 
load. After the necessary reductions we find— 

mSD 

If we write this expression under the following form — 

,^ m S * D 

we shall perceive, at first sight, that it is exactly the speed 
produced by the passage in the cylinders of the steam of the 
boiler, when that steam undergoes no reduction of pi^essure. 

In fact, jT — — is the mass of steam produced at the pressure of 

the boiler, divided by the area of the two cylinders ; that is 
to say, the speed which its passage in the cylinders, without 
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alteration, produces for the piston ; and multiplying that 

quantity by -— -y which is the proportion of the velocity of the 

engine to that of tlie piston, the result will naturally be the 
relative speed of the engine. 

We also see that in the case of a maximum load, the 
pressure of the steam in the cylinder will be the same as in 
the boiler, and that its velocity will be the very velocity at 
which the steam is generated in the boiler; results which 
besides are, of themselves, evident to an attentive mind, and 
which have already been pointed out. 

In regard to the limit of speed with small loads, the en- 
gine-men never urge it so as to risk an accident, by too 
great a velocity in the motion of the piston, or other parts 
of the mechanism. Only one single instance, in the experi- 
ments we shall relate below, will be found, in which the en- 
gines attained a speed of 35 miles an hour. This velocity is 
the greatest that has been observed, until the present moment, 
except during some extremely short intervals. When the 
train is too light, the engine-men take care partially to shut 
the regulator, and not to animate the fire to its highest pitch, 
as we shall mention hereafter. 

Section 6. — Of the Diameter that ought to be given to 
the Cylinder, to render an Engine capable of attain^ 
ing afxed Maximum Load, 

The same equation from which we have concluded above 
(§ 4) the limit of possible loads with a given pressure, may 
also serve to determine the diameter that ought to be given 
to the cylinders of an engine to render it capable of drawing 
a fixed load at a certain pressure, viz.: 

[ D[((^ + yi)M + F] 

N (P-p)^. 

This diameter will be expressed in feet, according to the 
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manner the calculation was made. It will be easily reduced 
to the common expression in inches. 

Section 7. — Of the Length that ought to be given to the 
Stroke of the Piston of an Enginej the Cylinders of 
which have already a fixed Diameter^ so as to enable 
that Engine to draw a certain Maximum Load. 

In the samemanner, also^ if the diameter of the cylinder 

r 

has already been chosen on account of some other considera- 
tion, we may, in a certain degree, produce the same effect; 
that is to say, render the engine able to attain the maximum 
load required, by adopting for the stroke of the piston a 
suitable length. In that case the equation gives — 

_ D[(^ + n)M + F] 
*~ (P — p)'rf. 

This measure of the stroke will be expressed, according 
to the adopted measures, in feet and decimals of feiet ; one 
may transform it, as usual, in inches. 

Section 8. — Of the Diameter that ought to be given to 
the Wheel of an Engine^ so as to enable it to draw a 
fixed Maximum, Load. 

We may also obtain the same result by reducing, in a 
suitable proportion, the diameter of the wheel, by which th^ 
speed of the engine will be diminished, and a greater power 
of traction given to it. The equation will, in that case, ^ive 
for the diameter of the wheel—- 

. (5 + n) M + F* 
It is understood that this method can only succeed withid 
certain limits, and that the diameter of the wheel cannot be 
reduced beyond certain dimensions, fixed by the other re- 
quisites of the business. 

23 
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Section 9,— Of the effective Pressure necessary in the 
Boiler of an Engine^ the Dimensions of which are 
already fixedy in order that the Engine may draw a 
certain Maximum Load. 

Finally, if the length of the stroke, the diameter of the 
cylinders, and that of the wheel, are already fixed, we may 
calculate what is the pressure that must be produced in the 
boiler to enable the engine to attain the maximum load re- 
quired. The same equation resolved in that case, in regard 
to the quantity P considered as unknown, gives — 

*^-p Jh • 

This pressure will be expressed, according to the adopted 
measures, in pounds per square foot, but, by taking the -j^ 
part of it, we may reduce it to the usual expression of poilnds 
per square inch. 

The same would take place in regard to any other research. 
These deductions are easily found ; — we shall not stop any 
longer on this point. It is scarcely necessary to add, that 
the values given by those equations are only applicable to 
the question^, in as far as they are not in opposition to the 
practical rules of construction. Thus, the pressure deter- 
mined above must in no case exceed the resistance of which 
the metal of the boiler is capable ; neither must the diameter 
of the wheel be large enough to put the engine in danger of 
going off the rails, nor small enough to destroy its speed, 
&c. &c 

Hbotion 10. Synoptical Table of the preceding Formulse, 

In a view to facilitate practical researches, we shall collect 
here those different formulse into a table. 

The signs employed having the following significations, 
viz. : — 
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M, representing the number of gross tons of the load, tender 
included. 

n, the resistance per ton of the load, or according to the de- 
termination already made, n = 8 lbs. 

F, the friction of the engine without load, taken, according 
to the average of the above experiments, in case the en- 
gine is not yet constructed ; that is to say, at 15 lbs. per 
ton of its presumed weight. In case the engine is already 
constructed, and one wishes to obtain a very accurate re- 
sult, F must be determined by a direct experiment made 
on^the engine itself. 

Sf the additional friction of the engine per ton of load, or 
according to the determination hereabove, S = 1 lb. ; and, 
consequently, {S + n) = 9 lbs. 

D, the diameter of the wheel expressed in feet. 

d, the diameter of the cylinder, also expressed in feet and 
decimals of feet. 

/, the length of the stroke, in feet and decimals of feet. 
P, the total pressure (or atmospheric pressure included) 
of the steam in the boiler, expressed in pounds per square 
foot ; that is to say, 144 times the pressure per square 
inch. 

p, the atmospheric pressure expressed in pounds per square 
foot as above, that is to say, p = 2117 lbs. ; and, conse- 
quently (P — p,) the effective pressure of the steam in 
the boiler, being expressed in the same manner, viz., in 
pounds per square foot. 

S, being the effective evaporating power of the engine per 
hour, or otherwise, according to the described experi- 
ments, S being the ^ of the number of square feet in the 
reduced heating surface. (It will be recollected, that the 
reduced heating surface itself consists of the sum of the 
heating surface of the fire-place, more the third part of the 
heating surface of the tubes.) 

m, being the ratio of the volume of the steam at the total 
pressure P, to the volume of water that has produced it, 
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according to the known tables^ one of which will be found 

in one of the following paragraphs. 
Y; finallyi being the velocity of the engine in feet per hour, 

that velocity being necessarily expressed in that manner 

for the general harmony of the calculation ; but as a mile 

contains 5280 feet, it can easily be reduced to the speed 

in mileS| and vice versa. 

These different signs being thus well understoodi and the 
letters n and S being replaced by their values, 8 lbs. and 
1 lb., the formulae above give the following table : — 
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We must remark that these formulae are not such as are 
called empiric ones; that is to say, imaginary suppositions^ 
corresponding more or less exactly with experience. They 
are, on -the contrary, rigorous deductions from the most 
solid principles of mechanics; their elements have been de- 
termined by direct experiments, and their results will soon 
be confirmed in the same way. 

In all cases, these formulae suppose the engine drawing 
its load on a dead level. If it be required to apply them 
to the «ase of an inclined plane, it will sufiSce to take for 
M , not the nominal load of the engine, but its real load ; 
that is to say, not merely the resistance of the wagons, but 
their resistance in ascending the inclined plane in ques- 
iionf as will be seen in Chap. VII. Art. II. 

Section 11. — Table of the Volume of the steam, gene* 
rated under different degrees of Pressure, necessart/ 
for the application of the Formulas. 

The use of the formulae we have obtained, necessitating 
a knowledge of the volume of the steam at difierent degrees 
of pressure, we subjoin here a table which we have calcula- 
ted from 5 to 5 lbs. pressure. The intermediate degrees 
may be easily filled up; but it would be an unnecessary 
operation, as we shall see that the pressure in the boiler has 
so little influence on the speed> that we may, in our calcula- 
tions, take from the table the pressure nearest to the one we 
require, provided also we take the volume corresponding 
with that approximate pressure. 

The reason of the little influence the pressure has on the 
result is, that in proportion as the pressure augments, the 
volume of the steam diminishes, so that the produce mP, 
that the equation contains, remains constant for such values 
of P as are very near to each other. We shall very shortly 
be witnesses of that fact, which will be explained in the 
calculation we shall make of the velocity of the engine at 
difierent pressures. 
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fABLE OF THE VOLUME OF STEAM GENERATED UNDER 

DIFFERENT PRESSURES. 



Total pressiii'e expressed. 


Corresponding 
temperature 

by Fahrenheit's 
thermometer. 


Volume of the 
steam compared 

to the volume 

of the water that 

produced it. 


In lbs. 
per square inch. 


In atmospheres. 


Ibsw 

15 


1.021 


degrees. 

212*6 


1,670 


20 


1.361 


227.9 


1,282 


25 


L701 


240.3 


1,044 


30 


2.041 


250.8 


883 


35 


2.381 


260.0 


767 


40 


2.721 


268.1 


678 


45 


3.061 


275.4 


609 


50 


3.401 


282.0 


553 


55 


3.742 


288.1 


506 


60 


4.082 


293.8 


468 


65 


4.422 


299.1 


435 


70 


4.762 


304.0 


407 


75 


5.102 


308.7 


382 


80 


6.442 


313.1 


360 


85 


6.782 


317.3 


341 


90 


6.122 


3213 


324 


95 


6.463 


325.1 


308 


100 


6.803 


328.8 


294 



Section 12. — Of the combined Proportions that ought 
to be given to ithe parts of an Engine^ in order that it 
may fulfil several conditions at the same time. 

We have given, above, separate from each other, the dif- 
ferent practical formulae of locomotion ; but we may also 
combine those formulae with one another. To give an ex- 
ample of this, and at the same time a practical application of 
the results obtained hitherto, we shall suppose that it is re- 
quired to build an engine capable of drawing a certain given 
maximum load, and, at the same time, capable of attaining 
a certain speed, with another load also known. 

In this case we may determine the diameter of the cylin^ 

24 
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der, accordiog to the first condition ; and the heating sur^ 
face of the boiler according to the second. Letting, there- 
fore, M' be the given maximum load, M" the second load 
mentioned above, and V" the velocity of the engine corres- 
ponding with that second load, we shall have simultaneously 
the two following equations :— '(See § 6 and J3.) 



( D (9 M- + F) 

^-^|(p-p)/ 



and 

^ V^^[(9 xM^' + F)D + prf «ri 

^ ^JTFd • 

The first equation will give the diameter of the cylinder; 
and then, introduced in the second equation, it will fix the 
wanted value of S. 

This case is evidently that of a railway on which it would 
be required that the average trains should have on a level a 
certain regular speed, and that, at the same time, the engines 
might ascend with those trains, and without any extra help^ 
ah acclivity occurring on a p#int of the road. 

Let us then suppose that it is wanted to build an engine 
with CQupled wheels, capable of drawing a train of 100 gross 
tons, at a speed of 20 miles an hour on a dead level ; and 
that it is required, at the same time, that that engine be able to 
ascend without extra aid, and with the same load (reducing, 
however, its speed), a plane inclined in the proportion of 

We know that an engine working upon a level undergoes, 
from its load, a certain degree of resistance, which proceeds 
from the friction of the wagons; but in going up an inclined 
plane, the load presents not only that same friction of the 
wagons, but also a surplus of resistance proceeding from the 
tendency of the train to roll back towards the foot of the 
plane. The force that draws the train backwards, depends 
on the weight of the train and on the inclination of the plane. 
It is the gravity along the plane, and is equal to the mass 
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(hat is to be moved, divided by the number that marks.the 

inclination of the plane. 

On an inclination of ^^, the gravity of a weight of 112 t., 

which is the weight of the train and engine together, is in 

pounds. 

112 X 2240 ,._ . ,. 

— ^ — —- = 1254 lbs. 

200 

Now, 1254 lbs., at the rate of 9 lbs per ton (including the 

increase of friction in the engine), represents the resistance . 

1254 
of - = 139 t. on a dead level. The surplus of resistance oc- 
y 

casioned by the inclination of the plane is, therefore, equal 
to the traction of 139 1 on a level. Consequently, the total 
traction on the rising ground will be 139 1. + 100 t. s=s 
239 1. ^* 

Thus, in this case, the load on the inclined plane 

will be M' =239 t. 

And the load on the dead level - - - M"==100 tr, . 

The engine being supposed to weigh 12 t., with coupled 
wheels, will have a friction of about 180 lbs. If, besides, 
we suppose it to have a wheel of 5 feet, with a stroke of 16 
in. or 1.33 ft.; and if we wish the effective pressure (P — p) 
in the boiler, during the ascent, not to exceed 60 lbs. per 
square inch, or, in other words, 8640 lbs. per square foot, 
the first equation will give, for the diameter of the cylinder — - 

\ 8640 X 1.33 

Thus the cylinder must have 1 ft. or 12 in. in diameter. 

This value must be introduced in the second equation with 
the other data of the problem. Observing, moreover, that 
during the journey one may reduce the effective pressure iii 
the boiler to 50 lbs. (or 65 lbs. total pressure) per square 
inch, which gives for the corresponding volume of the steam 
m =: 435 (see the table given in the preceding paragraph), 
the second equation will give — 

8=20 X 6280 22«IM80J5+^17XL33_^ ^^^^ 

435 X (65 X 144) X 5 



'■ ^ 
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By which we see that the effective evaporating power S of 
the engine must be 43 cubic feet of water per hour. And, 
as we know, by the experiments related above, that the ef- 
fective evaporating power is equal to -^ of the reduced heat- 

10 
log surface, ' this surface must be 43 X g-=: 143 square feet 

Finally, this last condition will be fulfilled by giving, for 
instance, to the fire-place a heating surface of 50 square feet, 
and to the tubes a surface of 2S0 square feet 

This example indicates su£Eiciently the n^anner in which 
the calculation is to be made. It would be the same with 
any other combination that might occur. Evidently, no- 
thing is required but to bring together the different equations 
concerning the different unknown'quantities, and to express 
that they exist simultaneously. 



ARTICLE VI. 

FBACTICAL TABLES OF THE PROPORTIONS AND EFFECTS OF 

THE ENGINES. 

Section 1. — ^ Practical Table of the Diameter of the 
Cylinder and Pressure of Steaniy necessary to enable 
a locomotive Engine to draw a given Maximum 
Ijoad, 

We have just calculated, in a special case, the diameter 
necessary for the cylinder of an engine working at a given 
pressure, so that it may draw a certain maximum load. In 
continuing the same calculation through a series of different 
cases, after the formula § 6, we form the following practical 
table, which will show either the diameter of the cylinder 
when the pressure is given, or the pressure in the boiler, 
when it is the diameter of the cylinder which is determined, 



4 
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or, finaUyi the maximum load whea the two other data are 
fixed beforehand. 

It must be understood that the engines will not be able to 
draw the loads marked in the table^ unless the rails are in 
such a state as to offer a sufficient adhesion to the wheels ; 
without which condition, the movement could not be effect- 
ed, as will be explained in Chap. VIII. 



A PRACTICAL TABLE OF THE DIAMETER OF THE CYLINDER AND PRESSURE 
OF STEAM CORRESPONDINO TO GIVEN MAXIMUM LOADS. 



DeBcription of the Engine. 


Max. 

load in 

gross 

tons, 

tender' 

includ. 


Diameter of the cylinder, in inches, 

the pressure per square inch in 

the boiler being 


50 lbs. 


55 lbs. 

in. 
8.4 
9.2 
10.0 
10.8 
11.5 
12.1 
12.7 


60 lbs. 


65 lbs. 


70 lbs. 


Engrine:with wheel - - 5 ft. 
Stroke of thef piston 16 in. or 1.33 ft. 

Weight - - * - - 8 Uma, 
or presumed friction 120 lbs. 


tons. 
100 
125 
150 
175 
200 
225 
250 


in. 
8.8 
9.7 
10.5 
11.3 
12.0 
12.7 
13.4 


in. 

8.0 

8.8 

9.6 

10.3 

11.0 

11.6 

12ii 


in. 

7.7 

8.5 

9.2 

9.9 

10.5 

11.1 

11.7 


in. 
7.4 

a2 

8.9 

9.5 

105 

10.7 

11.3 


Engine with wheel - - 5 ft. 
Stroke of the piston 16 in. or 1.33 ft. 

Weight 12 tons. 

or presumed ftiction 180 lbs. 


200 
225 
250 
275 
300 
325 
350 


12.2 
12.9 
13.5 
14.1 
14.7 
15.3 
15.8 

11.5 
12.1 
12.7 
13.8 
13.8 
14.4 
14.9 


11.6 
12.3 
12.9 
13.5 
14.0 
14.6 
15.1 

10.9 
11.5 
12.1 
12.7 
13.2 
13.7 
14.2 


11.1 
11.8 
12.3 
12.9 
13.4 
14.0 
14.4 


10.7 
11.3 
11.9 
12.4 
12.9 
13.4 
13.9 


103 
10.9 
11.4 
11.9 
12.4 
12.9 
13.4 


Engine with wheel - - 5 ft. 
Stroke of the piston 18 in. or 1.50 ft. 

Weight n tons. 

or presumed ftiction 165 lbs. 


200 
225 
250 
275 
300 
325 
350 


10.5 
11.0 
11.6 
12.1 
12.6 
13.1 
13. 


10.0 

10.6 

11.1 

11.6 

12.1 

12.6, 

13.0 


9.7 
10.2 
10.7 
11.2 
11.7 
12.1 
12.6 
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Section 2.—JI Practical Table of the length of Stroke 
of the Piston^ and Diameter of Wheel, necessary to 
enable an Engine to draw a fixed Maximum Load at 
a given Pressure, 

In solving the formula § 7, in a series of cases adapted to 
the engines the most in use, the following table is formed, 
which will show, at first sight, either the length of atroke 
of the piston, or the diameter of the wheel which ar\ engine 
ought to have, for it to draw a maximum load at a given 
pressure; or, again, the maximum loads corresponding to 
given dimensions for the length of stroke of the piston and 
diameter of the wheel. 

A FEACmCAL TABLE OF THE LENGTH OF 8TR0KE AND DIAMETER OF 
WHEEL, CORRESPONDING TO GIVEN MAXIMUM LOADS. 



Deicription of the Engine. 



Elngine wiUi cylinders 11 in. or 0.917 fl. 
Weight 8 tons. 

or presumed flriction 120 lbs. 
Elective pressure per sq. 

inch in the boiler - - 50 lbs. 



Engine with cylinders 12 in. or 1 ft 
weight ------ 10 tons. 

or presumed friction . 150 lbs. 
Effective pressure per sq. 
inch in the boiler - . 50 lbs. 



Engine with cylinders 13 in. or 1.083 ft 

Weight 11 tons. 

or presumed friction - 165 lbs. 
Effective pressure-per sq. 
inch in the boiler - - 50 lbs. 



Engine with cylinders 14 in. or 1.1 66 ft 

Weight IS'tons: 

or presumed friction . 180 lbs. 
Effective pressure per sq. 
inch in the boiler - - 50 lbs. 



I 



Max. 










load 
in 
gross 
tons, 
ten* 


Length of stroke in inches, the 
diameter of the wheel being 










der 
incld. 

tons. 
150 


3 ft. 


4 ft. 


5 ft. 


6 ft. 


in. 

8.7 


in. 
11.7 


in. 
14.6 


in. 
17.5 


175 


10.1 


13.4 


16.8 


205 


200 


11.4 


155 


19.0 


22.8 


235 


12.8 


17.0 


21.3 


25i» 


£50 
200 


14.1 


18.8 


23.5 


285 


9.8 


13.0 


16.3 


19^ 


225 


10.9 


14.5 


18.1 


21.8 


250 


12.0 


16.0 


20.0 


24.0 


275 


13.1 


17.5 


21.9 


26.3 


300 
200 


14.3 


19.0 


23.8 


28.5 


8.4 


llii 


14.0 


16.8 


225 


9.3 


12.5 


15.6 


18.7 


250 


10.3 


13.7 


175 


20;6 


275 


11.3 


15.0 


18.8 


22.5 


300 


12.2 


16.3 


20,4 


24.4 


325 


13.2 


17.6 


22.0 


26.4 


350 
250 


14.1 


18.8 


23.6 


28.3 


8.9^ 


11.9 


14.9 


17.9 


275 


9.8 


^ 13.0 


16.3 


19.5 


300 


10.6 


14.1 


17.7 


215 


325 


11.4 


155 


19.0 


22.8 


350 


12.3 


16.3 


20.4 


24.5 


375 


13.1 


17.4 


21.8 


265 


400 


13.9 


18.5 


235 


27.8 
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Section 3. — A Practical Table of the Afta of Heating- 
Surface capable of producing a given Velocity with' 
given Loads. 

In order to faciHtate practical researches, we shall extend, 
to a certain number of the most ordinary cases, the calcula- 
tion of the heating surface capable of producing predeter-* 
mined effects. 

'The table which we are thus going to form after tile for- 
mulae in § 3, may serve^ not only to determine the heating 
surface capable of producing desired effects, but also the 
Velocity of given loads, when the heating surface is already 
determined. 

The table supposes the engine working at 50 lbs. effective 
' pressure, per square inch, in the boiler. As, however, the 
pressure has no perceptible influence on the velocity, as will 
be seen hereafter, if the engine works at a higher pressure, 
it will be able to attain a more considerable maximum load ; 
but for all the loads of the table, it will, nevertheless, re- 
quire the same heating surface in order to produce the same 
velocity. In consequence, the table may serve for any 
pressure, either above or below 50 lbs. The only difference 
will be in the maximum loads, which, agreeably to the 
pressure, will be greater or smaller than those fixed in the 
table. 

By recurring to § 10 of the preceding Article, it will be 
seen in what manner the area of heating-surface is to be 
computed. 
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A PRACTICAL TABLE OF THE HEATINGH9VRFACES CAPABLE OF PRODUCtNC^ 

A GIVEN VELOCITY VITITH GIVEN LOADS. 



Description of the Engine. 



Engine ^ith wheel . 5 ft 
Stroke of the piston 16 in. or 1.33 ft 

Cylinders 11 inches, or 0.917 ft 

Weight ----- 8 tons. 

or presumed friction 120 lbs. 
Effective pressure per 

sq. inch in the boiler 50 lbs. 



Engine with wheel - 5 ft. 
Stroke of the piston 16 in. or 1.33 ft. 
Cylinders 12 inches, or 1ft. 

Weight ----- 10 tons. 

or presumed friction 150 lbs. 
Eiffective pressure per 

sq. inch in the boiler 50 lbs. 



Engine with wheel - 5 ft. 
Stroke of the piston 16 in. or 1.33 ft. 
Cylinders 13 inches, or 1.083 ft. 

Weight 11 tons. 

or presumed friction 165 lbs. 
Effective pressure per 

sq. inch in the boiler 50 lbs. 



Load 

in gross 

tons, 

tender 

includi 



Area of heating-surface of the boiler 
in square feet, 
the desired velocity in miles 
per hour being 



tons. 

25 

50 

75 

100 

125 

150 

165 



50 
75 
100 
125 
150 
175 
196 



50 
75 
100 
125 
150 
175 
200 
225 
231 



10 
miles. 



sq ft. 
36 
46 
55 
65 
75 
84 
90 



51 
60 
70 
80 
90 
99 
107 



Engine with wheel - 5 ft. 
Stroke of the piston 16 in. or 1.33 ft. 
Cylinders, 14 inches, or 1.166 ft. 

Weight 12 tons. 

or presumed friction 180 lbs. 
Effective pressure per 
sq. inch in the boiler 50 lbs. 



Engine with wheel - 5 ft. 
Stroke of the piston 18 in. or 1.50 ft. 

Cylinders 12 inches, or 1 ft. 

Weight ..... 11 tons. 

or presumed friction 165 lbs. 
Effective pressure per 

sq. inch in the boiler 50 lbs. 



50 
75 
100 
125 
150 
175 
200 
225 
250 
269 



56 

65 

75 

85 

94 

104 

114 

124 



50 
75 
100 
125 
150 
175 
200 
221 



61 

70 

80 

90 

100 

109 

119 

129 

139 

146 



62 

71 

81 

91 

100 

110 

120 

128 



15 
miles. 



sq.ft. 

54 

68 

83 

97 

112 

126 

135 



76 
90 
105 
120 
134 
149 
161 



83 
98 
112 
127 
141 
156 
171 
185 



126 189 



91 
106 
120 
135 
149 
164 
178 
193 
208 
219 



92 
107 
121 
136 
151 
165 
180 
192 



'S» 35 
miles, miles. 



sq.ft. 
71 
91 
110 
130 
149 
168 
180 



101 
120 
140 
159 
179 
198 
215 



111 
130 
150 
169 
188 
208 
227 
247 
251 

121 
141 
160 
180 
199 
218 
238 
257 
277 
291 



123 

142- 

162 

181 

201 

220 

239 

256 




126 
150 
175. 
199 
223 
24S 
268 



138 
163 

187 
211 
235 
260 

284 



151 
176 
200 
224 
249 
273 
297 



153 
178 
202 
226 
251 
275 
299 



151 
180 
210 
239 
268 
297 



166 
195 
224 
253 

282 



181 
211 
240 
269 
298 



184 
213 
242 
271 
301 
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Section 4. — ^8. Practical Table of the Velocity of En- 
gines tmth given Loadsy and, vice ver^a, of the Load 
corresponding to a given Velocity/. 

We have just given some examples of cases, in which it 
is wished to build an engine for a particular end. The con- 
trary case naturally presents itself afterwards. The question 
is, what effect may be expected from a given engine^ that 19 
to say, from an engine already constructed, and the dimen- 
sions of which can be measured. 

In order to give here a practical and extensive application 
of the formulae which resolve this question, we shall calcu- 
late, after the formula, § 1, a table of the velocity which en- 
gines, similar to those of Liverpool, viz. with 11 and 12 in. 
cylinders, will acquire with given loads. By that means, 
the experiments, which we are going to make on the Liver- 
pool engines, will serve to verify, by facts, the accuracy of 
the formulae, which we have deduced from principle. 

As we think that this table, like the preceding ones, may 
be useful to practical men, in showing them the results, 
without obliging them to make the calculation, we shall ex- 
tend it further to engines of different powers, such as are 
most in use on railways. 

It will be remarked, that this table, giving the velocity 
corresponding to known loads, naturally furnishes also the 
loads of the engine, when, on the contrary, the velocity is 
given a priori. In like manner, as we have necessarily 
been obliged to confine ourselves, in each column, to the 
limit of load which the engine is capable of drawing at the 
pressure indicated, after the formula in § 4 ; so it follows 
that the same table gives equally the maximum loads for 
each pressure, as well as their corresponding velocity. 

In the last column, the state of the regulator is indicated 
as follows : when it is entirely open, we write 1 ; when only 
half open, ^ ; etc. This relates to the following tables, as 
well as to this one: 

25 
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diminution of the sftam thrown into the chimney has mode- 
rated the fire, there will be less steam generated, and that 
will consequently regulate the velocity. This is the case of 
all small loads drawn by the engines. The speed is never 
suffered to augment sufiSciently to risk an accident by too 
rapid a motion of the piston or other parts of the mechanism. 
When the enginemen perceive that the train would run too 
fast, they diminish the aperture of the regulator, and make a 
moderate fire, in order to maintain a reasonable speed. In 
all the experiments we shall have occasion to relate below, 
we shall only Qnce see, as we have already observed, the 
speed rise to 35 miles an hour, which is the greatest speed 
to which the engines hav^ been hitherto submitted, except- 
ing for a very short instant. 

In the above tables, the limits of load of the engines, with 
the indicated pressure, are fixed by the necessity of the re- 
sistance on the piston not being greater than the force that 
must move it, as we have already said. With that maxi- 
mum load, we see that an eleven-inch cylinder engine, 
working at 60 lbs. effective pressure, will still maintain a 
velocity of 13J miles; and a twelve-inch cylinder engine, 
with an effective pressure of 55 lbs., will still maintain a 
speed of 12 miles an hour. These velocities are those which 
will take place if the engine works in its right state ; that is 
to say, if the valve is fixed for a pressure of 60 lbs. or 55 lbs. 
But if it should happen that the valve be only regulated for 
a pressure of 50 lbs., and the pressure of 60 lbs. or 55 lbs. 
be produced by an extraordinary rising of the valve and by 
dint of losing steam, that is to say, only because the steam 
above 50 lbs. cannot escape as quickly as it is generated, 
then it is clear that although the evaporating power of the 
boiler remains the same, the effective part of that power 
will be considerably reduced, and, consequently, also the 
velocity. It is for that reason that, in the experiments, we 
shall see the speed go sometimes down to two or three miles 
an hour. But the state of the valve must then be observed. 
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The elevated pressure will be seen to be produced only by 
an enormous loss of steam, and it will be easy, by the rising 
of the valve, to account for the diminution of speed. 

In the cases of maximum load, it is evident that the 
steam will be spent by the cylinder, at the same pressure at 
which it has been generated in the boiler, and that the speed 
of the piston will be equal to the quickness with which the 
steam is generated. This fact has been proved in a general 
manner in § 5 of the present article. , It may be verified 
here by calculating the velocity with which the quantity of 
steam, generated in a minute, would cross the cylinders 
without any alteration or reduction of pressure. The ve- 
locity of the engine resulting from it, will be found to coin- 
cide exactly with that indicated in the table. This is a 
proof that, in case the engine only advances at that speed, 
the pressure in the cylinder is equal to that in the boiler. 

Those cases of limit loads are those of which we have 
made use to determine the friction of the loaded engine, 
and we see here the principle justified, of which we then 
made use, viz. that in case the speed of these engines is 
under 12 miles an hour, the pressure in the cylinder is the 
same as in the boiler. 

We have one observation more to make, which is, that 
in the engines there always exists a small loss, which we 
have not taken into account in our calculation; that is to 
say, the loss of the steam which, at each stroke of the 
piston, fills the passages that lead from the slides to the 
cylinders. It would be easy to take it into account, by the 
measures taken on each engine, of the diameter and length 
of these passages; but this loss is very insignificant, and 
would only complicate the calculation without any advan- 
tage. 
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ARTICLE VII. 

CONFIRMATION OF THE ABOVE FORBfXJLA BT EXPERIMENTS. 

Section 1. — Experiments on the Velocity and Load of 

the Engines. 

As a verification of the formulsB we have laid down, and 
with a view to enable our readers to rest their calculations 
on material facts, we shall give here a series of experiments 
undertaken by us, in order to ascertain the speed with 
which the engines draw different loads, at different degrees 
of pressure of the steam, in their daily iind regular work. 

These experiments were made on the Liverpool and 
Manchester Railway, the section of which, according to a 
levelling made in the month of August 1833, by JVfr. Dixon, 
resident engineer, is as follows. We only give the part 
travelled over by the locomotive engines; there are, besides, 
under the city of Liverpool, three tunnels worked by sepa* 
rate stationary steam engines. 

The railway, on leaving the station at Liverpool, until it 
terminates at Manchester, passes over the following dis- 
tances and slopes : 
Miles. 

0.53 dead level. 

5.23 descent - - - - - at ^^ 

1.47 ascent - - - - - at ^ 

1.87 dead level. 

1.39 descent - - - - - at -gi^ 

2.41 descent- - - - -at yj^ 

6.60 descent - - - - - at -^ 

5.62 ascent - - - - - at -jtW 

4.36 ascent - - - - - at ^^Vr 

29.48 miles.' 
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From these difierent inclinations, we see that the same 
•train presents various degrees of resistance, according to the 
part of the road travelled over, because the gravity of the 
total mass in motion becomes an alleviation in the descents, 
and an additional obstacle in the rising ground. 

The result is, that^a train of 100 t. offers on a dead level 
a resistance of 800 lbs., besides the friction of the engine; 
and that the same train, if it is, for instance, drawn by an 
engine weighing 10 t., will, on arriving at an ascent of -^^ 
offer a resistance of 3,366 lbs., which upon a dead level 
would be equal to the resistance of a train of 421 t. 

In fact, if we observe that a ton weighs 2,240 lbs., we 
shall find for the resistance : 

100 X 8 lbs. &= 800 lbs.; resistance owing to the friction. 

100 X 2,240 lbs, « „„„ ,1^ 

^ = 2,333 lbs. resistance owmg to the gravity 

/ of the train, on a plane in- 

10 X 2,240 lbs. 



dined at •^. 



-= 233 lbs. similar resistance owing to the 

gravity of the engine. 



39366 lbs. total resistance, (not including 
the friction of the engine,) 
equal to that of a load of 
^^ = 421 t. on a level. 

That is the manner in which we have calculated the real 
load of the engine on the different slopes it had to pass over 
during its journey. 

The following column marks the pressure in the boiler, 
expressed first by the state of the balance, and then by its 
equivalent on the mercurial gauge. Thus, when the balance, 
fixed at 57, rose by the blowing to 58, we have written '57 
— 58 ; and as for the Atlas, for instance, that state of the 
balance corresponds with an effective pressure by the mer- 
curial gauge of 61 lbs., we have written 57 — 58=61 lbs. 
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We have also noted the state of the regulator; but we 
must add, that the handle of the regulator in these engines 
not turning on a graduated ^circle, as it would be better that 
it should^ we have only been able to estimate the degree of 
opening of the regulator at sight and by approximation. 

The speeds have been carefully taken down, by inscribing 
in minutes and quarters of minute the time when the engine 
passed before every quarter-mile stone of the road. These 
stones are numbered all al6ng the way. At the same mo- 
ment we noted the pressure in the boiler as marked on the 
valve balance. 

The weight of the wagons was taken exactly in tons, 
cwts.^ quarters, and pounds. The tender cartwrights were 
not weighed, but they are reckoned at their average weight 
of Sh t. when a fresh supply of water is taken in on the road 
and 5 t. only in the contrary case. 

We have marked the state of the weather, because it is a 
known fact that with the wind a-head, and still more with a 
side-wind that presses the flange of the wheels against the 
rails, the resistance of the train is augmented. Finally, we 
have also mentioned the temperature of the water in the 
tender, in order that the reader may judge of the influence 
of that circumstance; and we have given the date of each of 
the experiments as a means of verification. 
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1 
Remarks. 


The engine was helped 
on the inclined plane at 
1-96 by three engines with 
cylinders 11 in. diameter. 
Weather fair and calm.— 
Water cold in the teniter. 




The engine was helped 
on the inclined plane at 
1-9& by two engines with 
11 inch cylinders.— Wea- 
ther fair and calm.— Wa- 
ter rather lakewarm in 
the tender. 
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Thaii esperiments show better than any possible reason- 
ings, what may be expected of locomotive engines in a daily 
work. That is the reason why we have joined them all to- 
gether in this place. 

Their coincidence with the table of velocities, deduced 
from calculation, will be remarked. 

Section 2. — Of the Velocity of the Maximum useful 

Effect 

I 

We have seen above (Chap. V. Art. V, § 2) that the load 
an engine is able to draw, at a given speedy is expressed by 

^ (5 + n)VD d + n' 

If we multiply the two members of this equation by V, 
we have 

,^,, mSPD — pd»/V FV 

111 V = ' mm^^ 

((J + n)D ^ + n- 

The produce M V, of the load multiplied by the velocity 
with which that load is drawn, represents the useful effect 
produced by the engine in unit of time. We see conse- 
quently, here, that that useful effect will be so much the 
greater as the speed is less ; for in the second member that 
speed only appears in the negative terms. As, on the other 
hand, the engine cannot> without considerable loss of steam^ 
move at a velocity less than that which corresponds to the 
quickness with which the steam is generated in the boiler, 
it follows that the maximum of useful effect will take place 
at that speed. 

* By examining the above table, under the same point of 
view, we ascertain by experience what has already been 
proved by calculation, viz., that the greatest useful effect \b 
produced at the least velbcity. 

Let us take, for instance, an engine with an eleven-inch 
cylinder, working 10 hours a-day. At its greatest speedy 
of 30 miles an hoUr, it will be able, with an effiMstive presK 
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CHAPTER VI. 



OF SOME ACCESSORY DISPOSITIONS AND THEIR EFFECT. 



ARTICLE I. 



OF TH£ BEGULATOR. 

Section 1. — Effett of the opening of the Regulator. 

Three accessory parts or dispositions are still to be con- 
sidered, which have a considerable influence on the effect of 
locomotive engines ; these are the regulatory the blast-pipe, 
and the lead of the slide^ which we are going to describe 
successively. 

We have observed that the pipe, which leads from the 
boiler to the cylinders^ may be either completely or partially 
shut by means of a cock or regulator. When the regulator 
is quite open^ the steam enters into the cylinder as freely as 
the area of the pipe through which it must necessarily pass 
will allow. Then the speed is as great as the generation of 
steam permits. If, by means of the regulator, we diminish 
a little the entrance of the pipe, the steam may take at first a 
greater velocity, which surplus of velocity may allow, as be- 
fore, the egress of all the steam generated. In that case the 
effect will remain the same as in the former one, and as long 
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as the width of the passage is not out of proportion with the 
generation of the steam, there will be no diminution in the 
efiect of the engine. 

If^ however, we continue to shut the passage, we shall ne- 
cessarily arrive at last at a point where it will be so narrow, 
that it wilfform a considerable obstacle to the admission of 
the steam. From that moment, only a portion of the steam 
generated in the boiler will be able to get ibto the cylinders, 
and consequently the effect produced will be diminished in 
the same proportion. , 

Having called effective evaporating power the pfiass of 
steam the engine is able to introduce into the cylinders in a 
unit of time, we clearly see that the motion imparted to the 
regulator causes a diminution in the effective evaporating 
power of the engine ; and then the formula, such as we have 
given it above, shows why the effect is diminished. 

In fact, we find in practice that the same train will be 
drawn by the same engine at different speeds according to 
the size of the aperture of the regulator. This is the method 
invariably used on the Liverpool Railway to prevent the 
trains, when they are too light, from being carried along with 
greater rapidity than the preservation of the engines, the 
carriages, and the railway can allow. This manner of regu- 
lating the speed is so far advantageous, that, if on the road 
there occur either a slight inclination or any obstacle what- 
ever, one may, by opening the regulator, and animating at 
the same time the fire, restore to the engine its full power, 
and enable it to pass over the obstacle without diminishing 
its speed. 

The size of the aperture of the regulator is, therefore, to be 
taken into account, when the question is to ascertain the ef- 
fect of an engine. That is the reason why we have noted it 
in the experinients related above. We should have prefer- 
red the handle of the regulator to have turned on a gradu- 
ated circle, in order to be able to measure exactly the degree 
of opening, and compare it with the corresponding effects ; 
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hut, with the present construction of the engines^ it is only 
by approximation that we can judge of the size of the aper- 
ture. 

Section 2. — Of the Steam Pipes. 

Carrying still further the same principle, on the free mo- 
tion of the steam, we see that between two engines, per- 
fectly similar in other respects, there must be an advantage 
in favour of that one in which the steam-pipes have a more 
considerable area. It is, however, clear, that as soon as we 
have attained a diameter sufficient for the passage of all the 
steam that a boiler is able to generate, at the greatest speed 
with which the engine is required to go, nothing further is 
to be gained by augmenting still more that diameter. It is 
for the same reason that we have seen, a little while ago, 
that that passage may be reduced to a certain degree with- 
out loss of effect, which is owing to the opening having been 
originally greater than was necessary. 

Experience has fixed the diameter that must be given to 
the steam pipes, and would quickly giAre notice if it were 
not observed ; for if it should happen, for instance, that an 
engine, running with all its speed, should still emit steam 
through its safety-valve, that would be a proof that the area 
of the passage is too small for the quantity of steam the boiler 
is able to generate. 

Section 3. — Table of the Dimensions of the Steam-Pipe 
th some of the Engines of the Liverpool and Mamhes- 
ter Railway. 

There exists, then, a suitable diameter, harmonizing with 
the evaporating power of the engine, or with the-dimensions 
of the boiler. It is for that reason we give here the dianie- 
ter of the steam-pipes, in the engines we have submitted to 
experiment, and in some otliers, the proportions of which 
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were given at the beginning of this work. The steam-pipes 
considered here are those which lead separately from . the 
boiler to each slide-box. Those which lead afterwards from 
that box to the interior of the cylinders have a correspond- 
ing area, although of a different form. Their dimensions 
will be, for instance, 1 inch broad to 7 inches long^ which 
present the same surface, as a tube of 3 inches diameter. 



DIAMETER OF THE STEAM-PIPES IN SOME OF THE ENGINES OF THE 
LIVERPOOL AND MANCHESTER RAILWAY. 



Name of the engine, 

and number of its 

construction. 



Samson, No. 13 



Goliath, 

Atlas, 

Vulcan, 

Fury, 

Vesta, 

Leeds, 

Firefly, 



No. 15 
No. 23 
No. 19 
No. 21 
No. 24 
No. 30 
No. 31 



Dia- 
meter 
of the 
cylin- 
der. 



inches. 

14 

14 
12 
11 
11 

11 
11 



Stroke 
of the 
piston. 



inches. 

16 

16 
16 
16 
16 
16 

16 
18 



Heating-surface. 



Expofied 

to the 

action of 

radiating 

caloric. 



sq. ft. 

40.20 

40.31 
57.06 
34.45 
32.8J 
46.00 
34.57 
43.91 



Exposed 
to the 
action of 
communi- 
cative 
heat. 



sq. ft. 

416.90 

407.00 
217.88 
307.38 
307.38 
1256.08 
307.38 
362.60 



Inside 
diameter 
of the 
steam- 
pipes. 



inches. 

3.25 

3.25 
3.25 
3.50 
3.50 
3.25 
3.50 
3.00 



Remarks. 



This engine is 
now under re 
pair, and the 
steam-pipes 
will be''4 in. 
diameter. 



ARTICLE II. 



of the BLAST-PIPE. 



In deseribing'tbe engine, we have said thai the steam, af- 
ter having produced its e£fect in the cylinder, is let into the 
chimney. It enters in a jet, through a pipe turned upwards, 
and terminated by*a narrow orifice, which is plaoed in the 

28 
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middle of (he ehimney-flue* The dispositioo of that pipe, 
ealled the blast-pipe^ is represented in fig. 5. 

The steam^ at each jet, clearing before it the column of air 
that filied the passage of the chimney, leaves a vacuum be- 
hind it. This vacuum is immediately filled up with a mass 
df exterior air that rushes through the fire-place to occupy 
the space where the vacuum has been made. In conse- 
quence, after each aspiration thus produced, the fuel in the 
fire-place grows white with the intensity of the heat. 

This effect is similar to that of a pair of bellows that 
would constantly animate the fire, and the artificial blast 
created by that means in the fire-place is so necessary to the 
work of the engine, that if the pipe happens to be broken^ 
burnt, or leaky, the engine becomes almost uselesa) which 
shows that the ordinary draft of the chimney is very small 
in comparison. 

It is easy to conceive, that the narrower the orifiise, the 
more violent will be the current that escapes through it, and 
the greater its efiect in animating the fire. The result is, » 
consequently, a greater genersition of steam in the same 
space of time, or an increaserof power in the engine.- This 
is, therefore, an important point to note when the efiect pro- 
duced by an engine is to be described ; for if the diameter 
of the blast-pipe is changed, the evaporating power of the 
boiler will ,be changed also. 

In the engines that served for the above experiments, the 
diameter of the orifice of the blast-pipe was 2\ to 2i in., 
which is their usual dimension. The Leeds engine must, 
however, be excepted from the general rule, the diameter of 
her blast-pipe being only 2^^ in. As for the Atlas en- 
gine, her blast-pipe was 2\^ in. in diameter in all the ex- 
periments, except on the 4th of August, when it had been 
carried to Sy^ in., in order to observe what reduction 
wduld result from tliat circumstance on the efiect of the en- 
gine. Comparing that experiment with the others made 
with the same engine, the diminution of speed seems to* 
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have been nearly in the proportion of 15 to 17. The 
effect produced would thus be in the inverse* proportion 
of the square lof the diameter of the pipe, or of the area of 
the orifice ; that is to say, in s( direct ratio to the velocity 
with which the stoam escapes into the chimney. 

To those dimensions, therefore, as to one of the elements 
of production, niust be referred the evaporation effected by* 
the engines. 

The generally adopted dimension of 2i to 2^ in. diame- 
ter for the orifice of the blast-pipe is the result of experi- 
ence. It has been endeavoured to diipinish the aperture as 
much as possible, without putting a material obstacle to the 
escaping of the steam ; that is to say, that the tube has been 
narrowed as long as the effect was seen to augment, and that 
a stop was put to the trial as soon as it was found that there 
was no more gain of power. % 

With an orifice 2i in. in diameter, or 5 sq. in. area, and 
cylinders of 11 in. diameter, &r 190 sq. in. total area ; that is 
to say, with an orifice which is only -^^ pf the area of the 
cylinders, we see, that in order that all the steam may get 
out by that passage, it& speed in passing through the orifice 
must be 38 times as great as it was in the cylinder. 

The velocity of the jet formed in the chimney will then 
be, for the dimension we consider, equal to 38 times the ve- 
locity of the piston, or in other words, equal to 6i times the 
speed of the engine, this latter speed being nearly six tinfies 
as great as that of the piston. 

Thus the power of this additional means will be greater 
in proportion as the velocity of the engine itself will be more 
considerable. If, for instance, the engine travels 30 miles 
an hour, the velocity of the jet will be 195 miles an hour, or 
286 feet per second ; and as that velocity cannot be produced 
merely by the tendency of the steam to escape into the at- 
mosphere, a part of the power of the engine itself must ne* 
cessarily, in those great speeds, be spent in expulsing the 
steam ; that is to say, in blowing the fire in the fire-place^ 
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which that volume of steam must necessarily pass through the 
cylinders, or the velocity of the piston. That will really 
give the velocity wanted, if the steam issues without any 
interruption; but if, as it is here the case, there occurs at 
each stroke a suspension in the issuing of the steam, i t is 
evident that, for the same quantity of steam to go through 
the cylinders, a greater velocity of motion will be required. 
It is the generation of steam in the boiler that regulates and 
limits the speed; if, therefore, we suppose that the generation 
supplied m cylinders full of steam in a minute, when the 
total length / of the cylinder got filled with steam, now that 
the length / — € only gets filled, the same quantity of steam 
will fill per minute a number of cylinders expressed by 

m X J — p. Then the speed of the piston will be augmented in 

the inverse proportion of the length of cylinders that get full 
of steam. 

We see why the lead is favourable to the speed. But if 
there be profit in that respect, there is loss in regard to the 
load that the engine is able to draw. 

Suppose the line E D (fig. 25) represents the stroke of 
the piston, and that the stroke takes place in the direction of 
the arrow. The passage being shut on one side of the piston 
a little before it is opened on the other side, as we shall see' 
below, let A be the point where the piston is, when the ar- 
rival of the steam is intercepted on the side E, and let C be 
the point where it is when the slide begins to admit the 
steam on the opposite side, that is to say, on the side D. 

It is clear, that at the instant the 'piston reaches the point 
A, the moving power that produced the motion is suppress- 
ed. * Moreover, when the piston, continuing its stroke by 
virtue of its acquired velocity, reaches the point C, not only 
has it ceased receiving any impulsion in the direction of the 
motion, but it sufiers even an opposition from the steam ad-^ 
mitted in a contrary direction. The piston, however, can- 
not stop. It must finish its stroke. It roust, therefore, re- 
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pulse that fresh steam that opposes it As it necessarily 
spends in the conflict a force equal to that which the steam 
would have comnHinicated to hy the consequence is^ that 
during the space C D there is not only suspension of the 
action of the moving force, hut even introduction of that 
moving force in a contrary direction, and in the same pro- 
portion destruction of the force previously acquired. 

We see, therefore, that the efiect of the moving power, in 
regard to the motion, is only produced on the length of the 
stroke, first diminished of A D, and then of C D; so that, 
if those two distances are represented by 6 and a, the efiect 
we are really entitled to expect from the engine is only in 
proportion of a stroke / — § — a. 

Now we have seen (Chap. V. Art V. § 4) that the limit 
of load an engine can clraw, is determined by calculating the 
pressure on the piston as equal to the pressure in the boiler, 
or expressed by — 

(P-P)cf ^ __F_ 
{8 + n)D d + n 

expression in which / represents the stroke of the piston. It 
is then clear, that the limit of load will be smaller in propor- 
tion as the stroke is diminished, and that, setting aside the 

F 

friction of the enrine, pr the term r—, — , the load will be reduced 

° + n 

in proportion to the length of the stroke. 
Thus we see what are the efiects of the lead. 
The maximum load the engine is able to draw becomes 

less considerable, and its diminution is very nearly in the 

, Z— a — § 
proportion of = . 

I * 

On the other hand, for all loads that remain below that 
limit, the engine increases its speed in the proportion of 

The surplus of efiect produced in the latter case is by no 
means surprising. It is the natural efiect x)f the diminution 
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of the stroke, which enables the same mass of steam gene- 
rated in the boiler to supply a greater number of cylinders 
in one case than in the other; and the general formula of 
the velocity for a given load showis it at first sight. That 
formula is (Chap. V. Art. V. § 1.) 

mPSD 

^ - (F + 5M + nM)D + p(/a/* 

The quantity /, which represents the stroke of the piston^ 
only enters in the denominator. Thus, the shorter the 
stroke, the greater will be the velocity of the motion with 
the same load. 

A similar effect may, besides, have been already observed 
in the engines. We mean the effect which results from the 
difference in the diameter of the cylinder. Between two 
engines, the cylinders of which have 12 and 11 inches di- 
ameter, all things being equal besides, the first will be able 
to draw a more considerable load; but with equal loads in- 
ferior to those limits, the 11-inch engine will have the 
greatest speed. These results are shown by the above-stated 
formula, and can be explained in the same manner as the 
effects of the lead. 

Section 2. — Calculation of the effects of the lead. 

This is sufficient when we only wish to explain the causes 
of observed effects. But if we want to calculate a priori, 
and know exactly the effects of a given lead, it is necessary 
to ascertain the precise measure of the distances a and ^. 
That is to say, that we must determine the situation of the 
piston corresponding with that of the slide, at the moment 
that it intercepts or opens the passages. 

To be able to determine the comparative situations of 
the slide and the piston, four circumstances already explained 
in the description of the engine (§ 6, 7, 8), and which form 
the connexion of motion between those two parts of the 
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mechanisniy must be clearly kept in mind. (See fig. 9 and 
10.) 

The slide moves backwards and forwards on the three 
apertures of the cylinder. It goes alternately from one of 
its extreme positions to the other without stopping. 

This motion is produced by the revolution of the radius 
of the eccentric round the axis of the axle-tree, which makes 
the effect of a common crank. But as the communication 
between the eccentric and the slide takes place by means of 
a cross head^ the slide is pushed forward wheni the eccentric 
is behind^ and vice versa. 

The« radius of the eccentric stands at right angles with 
the crank ; the consequencje is, that when the crank is ho- 
rizontaly the eccentric is, on the contrary, vertical, and 
consequently the slide is in its middle position. Vice 
versttj when the crank is vertical, the eccentric is horizon- 
tal, and the slide in its extreme position. 

Finally, the piston is exactly at the end of its stroke when 
the crank is horizontal. Thus, it results from the preceding 
article that the middle position oi* the slide corresponds with 
the end of the stroke of the piston. These different effects 
are represented in fig. 9 and 10. 

From these coincidences we see that, when the slide is in 
its middle position (fig. 10), the eccentric is vertical, the 
crank^horizontal, and the piston at the end of its stroke. 

When the slide is in one of its extreme positions (fig. 9) 
the eccentric is horizontal, the crank vertical, and the piston 
in the middle of the cylinder. 

We see, moreover, that if the slide had no lead at all, that 
is to say, if the eccentric were to stand rigorously at right 
angles with the crank, the middle position of the slide 
would correspond exactly with the end of the stroke of the 
piston. If it deviates a little from the perpendicular, that 
is to say, if the slide reaches its middle position a little 
before the piston gets to the bottom of the cylinder, the 
difference will exactly be the lead we are considering. 

29 
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crank must be horizontal or. coincide with bB at the end of 
the stroke of the piston, if from the point p we trace arcs 
equal to d' c\ d' b' and d' a', or in' other words, arcs, the 
sines of which be, dcy db and da; and if we draw radii 
through the points thus determined, we shall evidently have 
in. A', B', C and D', the points where the crank was, while 
the eccentric passed through the points a',6', c'and d\ 
Letting perpendiculars fall from the points A', B', C, D', 
on bDf we shall at last have in A, B, C, D, the correspond- 
ing situations which we sought for the piston. 

Thus we recapitulate : while the slide passes from the 
point a, where it begins to intercept the steam, to the point 
Cf where it opens the opposite passage, and to the point d, 
end of the lead ; the eccentric will run through the points 
a\ c'y d' ; the crank, on its circle, will run through the 
points A' C D' ; and, finally, the piston will be successively 
at the point A, where it ceases to receive the impulse of the 
steam, at the point C, where it meets it opposing its motion, 
and at the point D, where it finishes its stroke. 

Now, it will not be difficult to express by precise mea- 
sures the spaces CD and AD, which we have represented 
above by a and §. . 

For that purpose, it will be sufficient in practice to trace 
exactly, and by the scale, the fig. 27, and then to measure 
the resulting spaces CD, AD. 

To obtain those same quantities by calculation, we have 

AD = *D — iD cos A'*D, 
And, at the same time, expressing the arc A' 6D by 7, 

_^ fn« __ ad 
' "^ bp"^ bp' 

But 6D is the half stroke of the piston, which we have 
expressed by /; and bp is the half range of the slide, which 
we shall express by H. * If, besides, we call a the lead of the 
slide or cd^ and let r represent the lap of the slide over the 
apertures or ad, ad will be expressed by a -f 2r. Thus the 
quantity sought AD or § will be 



s. _^ 
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.11 

The value of y being given by the additional equation^ 

a + 2r 2a + 4r 

In the same manner, we shall have for CD, or a : 

a = — — - cos 7', 
And y will be known by the equation : 

Sm 7 = y 

The quantities a and ^, of which we have made use in the 
preceding paragraph, will, consequently, be determined by 
the stroke of the piston, the range of the slide, the lead, and 
the lap, all of which are known quantities. Thus we will 
be enabled to calculate immediately the effect of the lead, 
either on the speed or on the load. 

Having seen that the speed of the engine will be increased 

in the proportion of j g» the consequence will be, for the aug- 
mentation of the speed a ratio of 

I Z 2 

' ' / — €"" / / * 1 + cos/ 

-2- + -2-C0S7 

In the same manner, the limit of the load of the engine will 
be reduced as if the length of stroke of the piston was no 
more than / — a — €, or 

/ _ a — € = ~(c08 7 + cos y') ; 

And in these two values, the arcs y and / will be given by 

the above equations, viz. 

2a + 4r , 2 a 

Sm 7 = J, , and Sm 7' = -p* 

The use of trigonometrical signs might be avoided in these 
formulae; but it would make them less convenient for calcu- 
lation. 
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Ill order to apply them, let us take, for example, an engine 

with a 16 in. stroke, range of the slide 3 in., lap of the slide 

over the apertures ^ in., and let us suppose a lead of ^ in. 

given to the engine. 

2 a 4- 4 r 7 
In that case, jj = — = 0.58333. The arc, the sine 

2 a 4- 4 r 
of which is j^ , is consequently the arc, the sine of which 

is 0.58333; or, taking the logarithms, it is the arc, the 
logarithm sine of .which is 9.76591. 

Seeking that arc in the tables, we fiod that the logarithm 
of its cosine is 9.90967; and finishing the calculation, we 
find 

§ « 8 in. — 8 in. X 0.81222 = 1.50 in. 
In the same manner, 

a = 8 in. — 8 in. X 0.90906 == 0.73 in. 

Thus, we see that, in this case, the piston is at a distance 
of li in. from the bottom of the cylinder, at the moment 
the action of the moving power is taken away from it ; and 
it is at f in. when that same power is introduced against 
it. Fig. 27 constructed by the scale gives the same rlssults. 

From what has been said above, the speed will be aug- 

mented in the proportion of z 3 or r-r-r-f for all the loads that 

/•— b 14.5 

do not pass the limit of power of the engine thus regulated. 

And the limit of that load will be reduced, as if the stroke, 
from the length that it had, be reduced to the length, 
/_a — € = 13.77 in. 

We find also, by supposing for the engine a lead of ^ in., 
that the space that the piston has still to travel, when the 
steam is intercepted, is 0.25 in.; and that the steam is intro- 
duced in a contrary direction, when the piston is still within 
0.03 in. from the bottom of the cylinder. From thence 
results that, with the above lead, the speed is augmented in 

16 
the proportion of , ■, and that the maximum load is dimi- 
nished as if the length of the stroke was reduced to 15.72 in. 
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Let U8 take^ for an example, an engine like Vesta, viz. 
dy diameter of the cylinder 11^ in., or 0.927 ft. 
I, stroke of the piston 16 in., or 1.33 ft 
D, diameter of the wheel 60 in., or 5 ft. 
Fy friction of the engine 187 lbs. 

The limit of the load being given by the formula (Chap. 
V. Art. V. § 4), 

((5 + n) D d + n' 

We see that if the engine work at the effective pressure of 
56.5 lbs. per square, inch, as we shall have an example of it 
in a moment, the limit of load will he -- 

In case of no lead at all - - - 187 t. 

In ease of a lead of ^ in. - - - 183 t. 

In case of a lead of f in. - - 158 t. 

In .these same circumstances, according to the formula 
(Chap. V. Art. V. § 1), the velocity of the engine will be 
as foHows:— - 

The load of 187 t will be drawn at a velocity of 13.81 
miles an hour. 

The load of 183 t., which, if there had been no lead, 
would have had a speed of 14.03 miles, will have an aug- 

mentation •of speed in the proportion of ' , that is to say^ 

that the speed will be 14.25 miles an hour. 

Finally, the speed of the load of 158 t., which, with no 
lead, would have been 15.54 miles,-. will, in consequence of 
the lead, become 17.14 miles per hour. 

We see by these results, that the effect of the lead, either 
in regard to the speed or to the maximum load, are only 
very perceptible when the lead is rather considerable. 

Section 3. — Experiments on the Effects of the Lead. 

* 

The foregoing calculation gives us the loss of power pro- 
duced in the (engine in consequence of the lead. 

However, no research having' as yet been made on the 
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Strokes of the piston per minute; then 11 again^ then 14^ 
and then 17. 

Tlie lead was once more tried at \ in.; the engine stopped 
again. 

The lead of k in. was resumed ; the train started again. 
Pressure during the whole experiment, 23 lbs. by the ba- 
lance. 

v. The train continuing to ascend^ two more empty- 
wagons were taken off; there remained then, in all, eight 
loaded and two empty ones, weighing together 30.38 t., and 
with the tender, 35.38 t. 

Lead I in. The engine stops ; pressure 23 lbs. by the 
balance. 

Lead, i in. It starts again ; same pressure. 

VL'At last one more empty wagon is taken off, and 
the weight of the train is reduced to 28.55 t., and tender 
included, to 33.55 t 

Lead | in. The engine stops ; pressure, 23 lbs. by the 
balance. 

Lead \ in. It starts again, and reaches the top, although, 
in consequence of the length of the experiment, the pres- 
sure diminishes by degrees from 23 to 21 i lbs. by the ba- 
lance. 

The engine executed thus, at %\\ lbs. pressure, what, 
with a lead of | in., it could not execute with a pressure of 
23 lbs. 

This series of experiments gives us very nearly the exact 
measure of the power of the engine in both cases, or the 
loss of power resulting from the difference in the lead. 

Section 4. — TabU of the Remits obtained in these 

Experiments. 

' In order to place these experiments together before 
the eyes of the reader, we unite them in the following 
table: — 
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-According to those experiments, all that an engine can do 
with a lead of I in., ia to draw a load weighing, without the 
tender, 27.05 t. ' 

And with a lead of ft in., it will be able to draw a load 
weighing, without the tender, 34.05 t. 

Thus, comparing the ws^M? e^ec/s of the engine in the 
two cases, we see that they are in the proportion of 4 to 5, 
which constitutes in practice a considerable advantage in 
favour of the smallest lead. 

In order, however, to obtain an absolute measure of the 
power an engine is able to display In the two circumstances, 
we must calculate the total resistance that was opposed to 
the motion of the piston in each case. 

In the first, the engine drew a load, tender included, of 
38.05 t. on an inclination of ^. On account of the gravity 
of the mass on the plane, including 8.71 t. for the weight 
of the engine, the train was equal, on a level, to a load of 
160 L : 

In the second case, the engine drew on the same incli- 
nation a train of 39.05 t., equal to a load nf 1S9 t. on a 
level. 

We see that these numbers agree very nearly with those 
deduced from calculation. If those giv^n by the experi- 
ment seem to be a little larger, the reason is, because we 
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reckon the tender at an invariable weight of five tons, — 
whereas, during this long experiment, the consumption of 
water and coke must have made it descend considerably 
below that weight, though we had no possibility of weigh- 
ing the tender, and consequently we could not take the dif- 
ference into account. We have said, that when the tender 
is quite empty, its weight is no more than three tons, which 
upon a level is two tons less than we reckon here, and 
makes, on the inclined plane at -^^j a reduction of eight tons 
in the load. 

We may consequently conclude from experience, as well 
as from theory, that the decrease of power occasioned by 
the kad is in proportion to the resulting decrease in the 
ustful length of the stroke of the piston. 

Section 5. — .5 Practical Table of the Effects of the 

Lead. 

In order to facilitate practical researches, we shall calcu- 
late here, according to the formulae laid down above, § 2, a 
table of the effects of the lead, for different engines o£ the 
most usual proportions on railways. 

By these formulae, the velocity of the motion with no 
lead at all being known, that which will result from a 
certain lead represented by a, will be to the first in the ratio 
of 



i + cos 7* 

but, at the same tinie, the maximum load of the engine 

will be reduced as if the stroke of the piston were reduced 

to the length 

/ 
y(co8 7 + cos 7'); 

The arcs y and 7' being determined by the equations, 

Su 7 Bs i , and Sm7' = — j — . 
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The reader will recollect that ip these formulae the signs 
have the following significations : 

/, length of the stroke of the piston expressed in feet 

a, lead of the slide. 

/', length of the range of the slide. 

Ty lap of the slide over the apertures of the cylinder. 

These three last quantities may be indifferently expressed 
in feet or in inches, the equations containing only their 
ratio. 

Applying, then, these formulae to a series of different 
cases, we form the following table, which will show, at a 
glance, how the velocity increases when the lead is aug- 
mented. As; on the other hand, in the second column, we 
could not go beyond the load the engine is capable of draw- 
ing with its supposed lead, the same table also shows what 
diminution in the maximum load corresponds to that in- 
crease in velocity. It is with a view to make the compari- 
son between these two effects more conspicuous, that we 
have extended the table further than the importance of the 
subject seems otherwise to require. 



CHAPTER VII. 



OF THE CURVES AND INCLINED PLANES. 



ARTICLE I. 



OF THE CURVES. 



Section l.^^Ofthe conical form of the Wheels and sur- 
plus of elevation qf the Rails ^ calculated to annul the 
effect of the Curves. 

We have considered the dispositions proper to the engincy 
that may either favour or impede its effect. We have still 
to examine two external circumstances that may have a si- 
milar influence on the motions. 

The curves offer on the railways an additional resistance 
which is so much the greateraccoriding as the degree of their 
incurvation is more considerable. 

The wagons being of a square. form^ tend to continue their 
motion in a straight line. If, therefore, they are obliged to 
follow a curve, the flange of the wheel does no longer pass 
in a tangent along the rail without touching it, as it does in 
a direct motion. The rail, on the contrary, presents itself 
partially crosswise before the wheel, and opposes thus its 
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progress, by forcing it to deviate constantly from its direc- 
tion. ^ 

Moreover, the wheel that follows the exterior rail of the 
curve has naturally more way to travel, than that which fol- 
lows the interior rail. Now, in the wagons at present in 
use, the two wheels of the same pair are not independent of 
one another. They are fixed on the axletree that turns with 
them. If therefore the road travelled by one of the two 
wheels be less than that of the other, the latter one must ne- 
cessarily be dragged along without turning on the dijOference 
of the two roads. * 

Finally, on passing the curves, the wagons are thrown by 
the centrifugal force of the motion against the outward rail, 
the result of which is a lateral friction of the flange of the 
wheel against the rail, which does not; exist in the direct 
motion. 

It is possible to construct the wheels of the wagons and the 
railway itself in such a ncianner, that these three additional 
eau^s of resistance may be destroyed. The mode we are 
going to describe, in order to obtain that ejOfect, is that which 
is already known; viz., the conicalness of the tire of the 
wheel, and a greater elevation of the outward rail at the place 
of the curve. But those means have until now been employ- 
ed only by approximation, and fulfil more or less imperfectly 
the intended purpose. By submitting them to calculation, 
we trust we shall be able to deduce general rules, which will 
make us certain that the required effect will be obtained. 

The particular resistance, owing to the passage of the 
curves, is composed of two distinct parts, as to their causes 
and their efiects. 

The first, according to what we have seen above, is oc- 
casioned by the wagons being obliged to turn along the 
curve, which produces an opposition of the rail to the mo- 
tion, and a dragging of the. wheel. 

The second is owing to the centrifugal force, and pro- 

31 
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daces the friction of the flange of the wheel against the 
rail. 

The first of these two resistances will evidently be cor- 
rected, if we succeed in constructing the wheels of the wa- 
gon in such a manner that the wagon may follow of itself 
the curve of t^he railway. For that, it will be sufficient to 
make the wheel slightly conical, with its greatest diameter 
inside ; that is to say, towards the body of the wagon, as 
appears on the engine in fig. 2. 

By that disposition, when the centrifugal force throws the 
wagon on the outside of the curve, the wheel on that same 
side will then rest on a tire of a larger diameter. Two ef- 
fects will result from this. The wagon will no longer tend 
to follow a straight line. One of its wheels growing larger 
than the other, will, on the contrary, have a tendency to 
turn in the direction of the curve. Besides which, the two 
coupled wheels will naturally travel difierent lengths of road 
without any dragging on the rail. 

This form of the wheel and its ^fiect being well under- 
stood, we have first to determine what difierence of diameter 
must be created between the two wheels, in order that the 
wagon may turn of itself with the curve, and how much the 
wagon must deviate on one side in order to produce that 
difierence of diameter. Then we shall see how the railway 
must jbe constructed, in order that the centrifugal force of 
the motion produce of itself that lateral deviation. It will 
thus be clear, that, those difierent conditions being fulfilled, 
the first species of resistance of the curve will be destroyed 
by the motion itself. Coming to the friction of the flange 
of the wheel against the rail, we shall determine what de- 
gree of conicalness the wheel must have, in order that, even 
in passing over the most abrupt curve of the railway, the 
lateral deviation of the wagon may never go so far as to put 
the flange in contact with the side of the rail. In this way, 
both by the disposition of the rails and by the form of the 
wheels, the two species of resistance will be destroyed. 



OP THE CURVES. 235 

/ 

I 

Let us suppose that mm* and nv! (fig. 28) be the two 
lines of rails of the way. In order that the wagon may fol- 
low without eflfort the curve of the way, it is necessary that, 
while the outside wheel describes the arc mm,\ the inside 
wheel describes of itself the arc nn'y which terminates at the 
same radius as the first. If, therefore, the length mm' re- 
present a circumference of the outside wheel, nn' must also 
be a circumference of the inside wheel, and the diameters of 
the two wheels must be in a certain proportion for that ef- 
fect to be produced. 

Let D be the diameter of the first wheel, and D* that of 
the second, cr being the ratio of the circumference to the 
diameter, we shall have — 

mm.' = * D, and nn* = «■ D*. 
Now the two arcs being both terminated by the same radius, 
we have — 

mm* ^ mo 
nn* "" no ' 
If we express the radius of curvation os by r, and the half 
breadth of the road by e^ this proportion may be expressed 
thus : — 

mm* r + e 



then, 



nn' r — e 



D r + e 



D' r — tf ' 
and, finally, 

d-d' = d(i— !l:=i)=ii.^. , 

\' ' r + e / r + e ' 

This equation shows the dijOferences that must exist between 
the diameters of the wheels, that the required efiect may be 
obtained. 

Our intention being to produce that efiect, by pushing the 
wagon aside on the road, the question is, how much the wa- 
gon must be laterally displaced. 
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This point depends evidently on the degree of conicaInes9 
of the wheel. 

At Liverpool, the wheels of the wagons have 3 ft. diame- 
ter at the interior part or near the flange, and 2 ft. 11 in, at 
the exterior part. The wheel is originally cylindrical, but 
the conical form is produced by the addition of a second 
tire, the breadth of which, not including the flange, is ^ in. 
less on one side than on the other. Fig. 29, represents the 
section of that tire on a scale of i. Its breadth being 3^ in., 
we see that its conical inclination is i in. on 3i in., or ^. 

Let us suppose in general the inclination of the tire ex- 
pressed by — . The two wheels running originally upon 

equal tires, m order that the difference D — D' be produced 

in their diameters, by the displacing of the tire on the rail, 

this lateral displacing of the wheel must evidently be 

i « (D - D') ; 

I 
for the inclination of the tire being — , this displacing will 

produce on the thickness of the tire, or on the radius of the 
wheel, a difference of 

i(D — D'),. 
which will make on the diameter 

J ( D — D' ). 
This difference on the diameter will be produced in plus on 
the outside wheel, and as an equal difference, but in a con- 
trary sense, that is to say, in minus, will be produced on the 
inside wheel ; the result will be a total difference of D — D' 
between the actual diameter of the two wheels, as we have 
said. 

Thus the lateral motion to be produced is 

2 (r + e) • 
We know at present what must be the lateral displacing 
of the wagon, in order to destroy the first species of resist* 
ance. The question now is, to make use of the centrifugal 
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force to produce that ejOfect It is its natural tendency ; but 
it is evident that that force must produce exactly the neces- 
sary displacing, else the defect would by no means be cor- 
rected. 

If we represent by r the radius of curvatiop, by V the ve- 
locity of the motion, and by m the mass of the body moved, 
the centrifugal force produced on the curve will be, as is 
known, expressed by 

But F being the weight of that same body, and g the ac- 
celerating force of gravitation, we have 

P =s gm^ from whence m =» — ; 

thus 

-_ P V« 
g r 
which is the expression of the centrifugal force of a body of 
a given weight P, moving with a velocity V, on a curve the 
radius of curvation of which is r. 

In this expression, ^ is the accelerating force of gravita- 
tion, or the double of the space passed over in the unit of 
time by a body falling in a vacuum. Taking a second for 
the unit of time, and a foot for the unit of space, we have 
g = 32. Referring to the same units the velocity V, and 
the radius of curvation r, we shall have the measure of the 
centrifugal force expressed by its proportion to the weight 
P, or represented b}'^ a weight. 

Let us suppose, for instance, that the velocity of the mo- 
tion be 20 miles an hour, or 29.3 ft. per second, and the ra- 
dius of the curve 500 ft.; we shall have 

2 

So in that case the centrifugal force will be the nineteenth 
part of the weight of the body in motion. 



238 CHAPTER VII. 

The sense of the signs being now well understood, we 
turn to the general expression of the centrifugal force 

The effort of this force exerting itself in the direction of 
the radius, its effect will be to push all the wagons out of the 
curve. If the two sides of the railway are of equal eleva- 
tion, the wagons will be stopped in the lateral motion onlj* 
by the friction of the flange of the wheel against the rail. 
But if we give to the outward rail a surplus of elevation, 
above the inward one, it is clear that, in increasing sufficient- 
ly that elevation, we shall be able to master at last the centri- 
fugal force, in such a manner as to permit it only to produce 
just the displacing we want. In fact, by raising in that man- 
ner the outward side, we change the railway in an inclined 
plane. The wagons placed on that plane ought, by virtue of 
their gravity, to slip towards the lower rail. On the other 
hand, the centrifugal force pushes tHem against the outward 
rail, which is the highest We create, then, by that means, 
a counterpoise to the centrifugal force. 

Let us call y. the surplus of elevation given to the outward 
rail (fig. 30); 2e being the breadth of the way, the inclination 

of the plane on which the wagons are placed, is -^. On Uus 

plane, the gravity of a body, the weight of which is P, is ex- 
pressed by 

Pxf. 

2e 
This gravity, as we have seen, tends to make the wagons 
fall within the curve, while the centrifugal force pushes it 
without. If, therefore, we select the height y, such as may 
give 

P X ;f = P X — . 
2e gr 

the train, in passing over the curve, will experience no de- 
rangement from its original position, because the gravity and 
the centrifugal force will equilibrate. 
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But, as for motives already explained, we require the 
wagon to be pushed aside, a certain quantity expressed by 

ae D 

we must endeavour to find out what is the necessary inclina- 
tion. 

Let us then suppose the train already displaced as niuch 
as required. Let us imagine, for instance, that the train has 
been pushed from the position ab to the position cd (fig. 30); 
that is to say, that the point of the inside wheel that was at 
a be come to c, at the distance ti* from the first point, and 
that at the same time, the point of the outward wheel that 
was at bf be come to d. In this situation, the inclination of 
the plane on which the train is, will be 

y 

Moreover, the conical inclination of the wheels shows that 
on the outward side of the curve the wheel will have in- 
creased its diameter by a certain quantity, in consequence of 
the lateral deviation ; while on the interior side, it will on 
the contrary, have diminished of an equal quantity. The 

tire of the wheel having a supposed inclination of—, a lateral 
motion represented by fib, must have produced on each wheel 
a difierence in height represented by -^. The effect of that varia- 
tion of the wheels being to incline the wagon on one side, so 
that it is raised on one side of the quantity —, and lowered on the 

other of the same quantity -!--; the result is a total inclination of 

2u* 

— , which must thus be added to the inclination already produced 

by the difference of level between the rails. 

Consequently, the outward side of the wagon will be 

raised above the interior side of a quantity equal to y H ; 
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has 500 ft. radius, with wagons having wheels of 3 ft. dia- 
meter and a play of 1 in. on each side of the way, the equa- 
tion shows that the least inclination one ought to give to the 
tire of wheel is ^; but a more considerable inclination will 
answer, a fortiori. 

On the Liverpool and Manchester Railway, the most 
abrupt curve, which is the one at the entrance of Manches- 
ter, has a radius of 858 ft. This curve would not require 
more than a conical inclination of j^^, and this would ansvver 
in all cases; but having said that a greater inclination will 
fulfil the same object, we are free to adopt a greater inclina- 
tion, if it suits other purposes better. 

It is customary to give an inclination of |. The motive 
for making it so considerable, is to prevent all possibility of 
the flange rubbing against the rail, either in case of a strong 
side-wind, or in case of some fortuitous defect in the level of 
the rails, by which the wagons would be thrown on the 
lower rail. Having seen above that, with an inclination of 
^, there would be no danger of the flange rubbing in the 
curves, that danger will be still more impossible with an in- 
clination of ^. 

We conclude that, with wheels having that inclination, 
the surplus of elevation of the rail which we have determined 
above, will correct the first species of resistance of the curves 
without creating the second, and that, consequently, the 
train will pass over the curves without any diminution of 
speed. 

Section 2. — •^ Practical Table of the Surplus ofElevor- 
Hon of the outward Rail in Curves, in order to annul 
the effect of those Curves, 

From what has been said, the surplus of elevation that 
must be given to the outward l^il in the curves, is deter- 
mined by the following formulae : 

^ "^ gr \ 2(r + c)5 r + e 
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In this equation the signs have the following value : 

D, diameter of the wheel, expressed in feet. 

Tj radius of the curve, expressed in the same manner. 

c, half of the width of the way, expressed the same. 

V, average velocity that is to be given to the motion, ex- 
pressed in feet per second. 

gf accelerating force of gravitation, expressed in feet per 
second, org=z32 ft. 

— = "t" 5 consequently, tf = 7. 

* 

y, surplus of elevation to be given to the outward rail of 
the curve over the inward rail, expressed in feet and 

decimals of feet. 

Solving these formulae in the most usual cases on railways, 

we make out the following table, which dispenses with all 

calculations in that respect. 



A FRACTVAL TABLE OF THE SURPLUS OF ELEVATION TO BE ^IVEN TO 
THE OUTWARD RAIL IN THE CURVES, IN ORDER TO ANNUL THE RE- 
TARDING EFFECT OF THE CURVES. 



De9ignation of the wagons and 
Uie way. 


Radius 
of the 

curve in 
feet. 


Surplus of elevation to be given to 

the rail, in inches, the velocity 

of the motion in miles, per 

hour, being 


1 

10 miles. 


20 miles. 


30 miles. 


Wagon with wheel - 3 fl. 

Way 4.70 ft 

Play of the wagon on 

the way, 1 in. or - 0.083 fl. 
Inclination of the tire 
^ of the wheel - - - i. 


fl. 
250 
500 
1000- 
2000 
3000 
4000 
5000 


in. 
1.14 
0.57 
059 
0.15 
0.10 
0.07 
0.06 


in. 
5.60 
2.83 
1.43 
0.71 
0.47 
0.36 
0.28 


in. 
12.99 
6.56 
3.30 
1.65 
1.10 
0.83 
, 0.66 



\ 
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ARTICLE II. 



OF THE IKCLINED PLANES. 



Sectioh 1. — Of the Ruistanceoftht Trains on Inclined 

Planes. 

Inclined planes are a great obstacle to the motion on rail- 
ways. 

As soon as the trains reach these inclined planes, they 
offer a considerable surplus of resistance, on account of the 
gravity of the total mass that must be drawn up the plane. 

Let us suppose a train of 100 1 drawn by an engine. 
Having seen that on a level the friction of the wagons pro- 
duces a resistance of 8 lbs. per ton, the power required of the 
engine will be 800 lbs., when travelling on a level. But let 
us suppose the same train ascending an inclined plane at y^ 
On that plane, besides the resistance owing to the friction of 
the wagons, a fresh resistance occurs, which is the gravity 
of the total mass in motion on the plane. That gravity is 
the force by virtue^ of which the train would roll back if it 
were not retained ; and it is equal to the weight of the mass 
divided by the number that indicates the inclination of the 
plane. If, therefore, in this case, the load of 100 1. is drawn 
by an engine weighing 10 1, the total mass placed on the 
inclined plane will be 110 tor 246,400 lbs. ; and thus its 
gravity on the inclined plan^, at yj^^, will be ^^j^^ lbs. = 
2,464 lbs. . The surplus of traction required of the engine, 
on account of that, circumstance, is, therefore, 2,464 lbs., 
and, as we have seen that on a level 1 1. load is represented 
by 8 lbs. traction, we also see that those 2,464 lbs. represent 
the^esistance that would be offered by a load of 308 1. on a 
level. Consequently, the engine, which, before, drew 100 1 
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must now draw 408 1., or at least must exert the same effort 
as if it drew 408 1. on a level. 

This is the manner in which the isalculation of the re- 
sistance on inclihed planes must be established ; and we have 
entered into those particulars, because it frequently happens 
^thaty in making the calculation, the gravity of the load is 
alone considered, without taking into account the gravity of 
the engine, which ought also to enter for its shdre. 

In speaking of the fuel, we shall see that the inclined 
planes of the Liverpool Railway, which at first sight appear 
quite insignificant, oblige, however, the engines to a surplus 
of work, which amounts to a sixth part of what they would 
have to do on a level. By this we see how important it is, 
in establishing a railway, to keep it on as perfect a level as 
possible. It frequently happens that, by avoiding to level a 
part of the road, that is to say, to cut through a hill, or to 
form an embankment through a valley, a great economy is 
expected. This is, however, a great mistake, for, in most 
instances, the only economy is that of the first outlay, 
whereas, the annual augmentation of expense surpasses by 
far the interest of the capital saved ; so that, instead of an 
economy, we have in reality a greater expense. This addi- 
tional expense may even, in some cases, go so far as to para- 
lyze completely all the advantages of the undertaking. 

In suffering inclined planes to subsist on a line of railway^ 
it not only becomes impossible to lower sufficiently the 
freight of the goods; but, what is much more important^ fre- 
quent accidents occur while descending those steep acclivi- 
ties, the least inconvenience of which is to destroy public 
confidence in the safety of the conveyance. It is, therefore, 
. necessary to lay down as a principle, that the end to be aimed 
at, in the construction of a railway, is not only to make 
a smooth road, but likewise a fevel one. It is, besides, the 
only way to apply with efficacy the use of locomotive en- 
gines. 

When, however, it has been impossible to avoid the in- 
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coDUDOoIy thofe of wagofu, are helped in pasnng the plane 
by an eogioe atationed at the foot of the acdiFity, and es- 
pecially intended for that uie. This engine is, eonaequeotlj 
eonitructed for a alow motion and a considerable power. 
The cylinders have 12 or 14 in. diameter, with the usual 
stroke of 16 in., and the wheels have only 4 ft 6 in. Be- 
sides, in order to have more adhesion, the weight of the efir 
gine is 12 1 and the four wheels are coupled. These addi- 
tional engines, working less than the others, require abo, in 
general, much less repairs. 

On the Darlington Kailway, the acclivities are much too 
numerous for an additional engine to be placed at each of 
them. The load of the engine must therefore be limited so 
that it may ascend with that load the most inclined of the 
planes. 

The locomotive engines acquire, however, a considerable 
augmentation of power, at the moment of their passage on 
an inclined piano, because their speed being suddenly con- 
siderably reduced, the cylinders consume a smaller quantity 
of iteam. The fire, strongly excited by the preceding ra- 
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pidity of the engine, continuing to furnish the same quantity 
of steam, a great part of it must escape through the valve. 
But the passage of the valve is too narrow to emit freely all 
that steam. Besides, the spring that presses on the valve op- 
poses more and more resistance, in proportion as the steam 
tends to raise it higher, in order to get a wider passage for it- 
self. The consequence is, that the steam, not being able to 
escape as quickly as it is generated, suffers an increase of 
pressure in the boiler. , . 

This increase of pressure evidently depends on several 
circumstances : the size of the valve, the evaporating power 
of the boiler, the previous excitation of the fire, and finally 
the length of the lever at the extremity of which the spring- 
balance acts. In some engines this increase may amount to 
10 lbs. per square inch, as we have remarked in speaking of 
the pressure. 

In that case, if the usual effective pressure of the engine 
be 50 lbs. per square inch, it may, on ascending the inclined 
plane, increase to 60 lbs., that is to say, in the proportion of 
I, which is considerable. This must, therefore, be taken 
into account when it is required to calculate the load the en- 
gines are able to draw on these planes. But it is necessary to 
observe that this is effectual only when the inclined planes are 
not of too considerable an extent, because, in that case, the 
fire ceasing to be excited in the same proportion, the sur- 
plus of effect will be reduced. The weight of the engine 
must, besides, always give sufficient adhesion of the wheel 
to the rail, as we shall explain in the following Chapter. 

There is also another circumstance in which the engines 
are obliged to exert an additional effort. That is at the mo- 
ment df starting. We have seen, in fact, that the power 
which, when the motion is once created, need only to be 
constantly equal to the resistance, must, on the contrary, 
surpass it at the instant that it is to put the mass in motion. 
The reason is plain : in the first case, it is only necessary to 
maintain the speed ; in the other, it must be created and 
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maintained. It is this additional effort on the part of the 
moving power which is improperly called vis inertias^ be- 
cause it is attributed to a particular resistance residing in the 
mass. 

The starting is, therefore, a difficult task for a locomotive 
engine heavily loaded. However, at that moment the en- 
gine acquires, as well as on the inclined planes, a consider- 
able increase of power. Here again the slowness of the mo- 
tion produces two effects. The pressure in the cylinder 
grows equal to the pressure in the boiler, which is itself aug- 
mented by the effect of the spring-balance. But, notwith- 
standing this twofold advantage, the difficulty of starting still 
remains so great for considerable loads, that we should al- 
ways advise giving in that point a slight declivity to the 
way. By that means the trains would be set in motion with 
more ease at the departure, and it would not be necessary at 
their arrival to make use, in order to stop them, of the pow- 
erful brakes, the effect of which is certainly as destructive to 
the wheels of the wagons as to the rails. 

Section 2. — Practical Table of the Resistance of the 

Trains on Inclined Planes, 

In the preceding paragraph, we have seen in what man- 
ner the resistance of the trains on the inclined plants must 
be calculated. The following table presents the result of 
that caJculation in the cases which occur the most frequent- 
ly on the railways. 

It is clear that, by the weights inscribed in the following 
table, it is only intended to show the resistance offered by 
the train, and not the weights the engines are able to draw, 
those weights being limited either by the power of the en- 
gine, as we have explained elsewhere, or by its adhesion, as 
shall be mentioned in the following Chapter. 

This table, assimilating the trains drawn on inclined planes, 
to trains drawn on a level, gives the means to learn by the 



CHAPTER VIII. 



OF THE ADHESION. 



Section 1. — Measure of that Force. 

The series of experiments we have* described above^ on 
the velocity and load of the engines, solves also another 
question in regard to the motion of locomotive engines, of 
which we have not yet spoken. That is the adhesion of the 
wheel to the rails. 

We have remarked in describing the engine, that the 
power of the steam being applied ^o the wheel, the engine is 
in the same situation as a carriage which is made to advance 
by pushing at the spokes. Thus, as in that action, the on^ 
fulcrum of the moving power exists in the adhesion of the 
wheel to the rail, if that adhesion is not su£Scient, the force 
of the steam will indeed make the wheels turn, but the 
wheels, slipping on the rails instead of adhering to them, 
will revolve, and the engine will remain in the same place. 

The more considerable the train the engine draws, the 
more power it must employ, and the more resistance it must 
consequently find in the point on which it rests, for execut- 
ing the motion. It was therefore to be feared, that with 
considerable trains, the engines would be unable to advance; 
not that the force would be wanting in the moving power it- 
self, but in the fulcrum of the motion. 
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The experimcDts related above, establish the measure of 
that adhesion in the fine season of the year. Among all 
these experiments, not one is to be found where the motion 
has been stopped or even slackened for want of adhesion, 
and nevertheless we see loads that amount to more than 
200 t. 

If we take, for instance, the first experiment made with 
the Fury, on July 24 ; during a part of the journey, that en- 
gine drew 244 1. The engine advancing with that load, the 
adhesion must necessarily have been sufficient^ Now the 
weight of the Fuby is 8.20 1, and that weight is divided in 
such a manner, that 5.5 1 are supported on the -two hind 
wheels, which are the only working wheels, the others not * 
serving to push the engine forward, but only to carry it. 
We have thus a weight of .5.5 1, drawing 244 1, or a load 
44i times as considerable as itself. The result of thia is, 
that an engine having its four wheals coupled, and which 
consequently adheres by its whole weight, is able to draw a 
load 44^ times its own mass. 

We have said that the Fuby engine adhered only by two 
of its wheels. On the Liverpool Railway that disposition is 
generally adopted for all trip engines, because the adhesion 
of two wheels is sufficient for the loada they have to draw. 
As for the helping engines, they work by the adhesion of 
their four wheels, as has been said elsewhere. The Atla9 
is the only one of the former class that difiersfrom the others 
in that respect. This engine has,six wheels, four of which 
are of equal size, and worked by the piston. The two others^ 
which are smaller, and have no flange, can be raised out of 
contact with the rails, by the action of the steam on a move- 
able piston. That ingenious arrangement, which may have 
more than one useful application, in permitting the weight 
of an engine to be distributed upon six wheels, without mak- 
ing the engine more embarrassing than if it had only four, 
is due to Mr. J. Melling, of Liverpool, who, in this instance, 
made use of it in order to give the engine a much larger fire- 
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box, and, consequently, the powe'r of generating a greater 
quantity of steam. 

We have now expressed the adhesion, by giving the mea- 
sure of its effects; but the power itself may be expressed in 
a direct manner. The load of 244 1. produced a resistance, 
or required a traction of 1,952 lbs. ; the adhesion was thus 
equal at least to 1,952 lbs., else the wheel would have turned 
without advancing. Now the adhering weight was 5.5 t., 
or expressed in pound? 12,320 lbs. ; we see then that the 
force of adhesion was equal to about ^ of the adhering weight. 
Considering that every 8 lbs. force corresponds with the 
traction of a ton on a level, this expression is exactly similar 
to the first. - 

In winter when the rails are greasy and dirty, in conse- 
quence of damp weather, the adhesion diminishes conside- 
rably. However, except in very extraordinary circum^ 
stances, the engines are always able to draw a load of 15 
wagons, or 75 t., tender included, that is to say, 14 times 
their adhering weight. In other words, the resistance of 
75 1. being 600 lbs., the force of adhesion is always at least 
^ of the adhering weight. 

Adhesion being indispensable to the creation of a pro- 
gressive motion, two conditions are necessary in order thai 
an engine oiay draw a given load. 1st. That the dimensions 
and proportions of the engine and its boiler enable i^ to pro- 
duce on the piston, by means of the steam, the necessary 
pressure, which constitutes what is properly termed the 
power of the engine ; and, 2d, that the weight of the en- 
gine be such as ta give a sufficient adhesion to the wheel on 
the rail. These two conditions of power and weight must 
be in concordance with each other; for, if there is a great 
power of steam and little adhesion, the latter will limit the 
effect of the engine, and there will be steam lost ; if, on the 
other hand, there is too much weight for the steam, that 
weight will be a useless burthen, the limit of load being in 
that case marked by the steam. 
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/ 

Section 2. — Of the Engines employed on Common 

Roads. 

The considerable loads that have been drawn by the en- 
gines in the experiments described above, ought to remove 
the fears of such persoTtis as suppose that the wheels of loco- 
motive engines dn railways are constantly apt to slip, and 
who endeavQur to remedy that imaginary defect by employ- 
ing the engines on common roads, without having ascertain- 
ed whether the adhesion will be more considerable. 

We see here a locomotive engine on a railway, drawing 
244 1. by the force of its steam, and not less than 75 1. by 
its adhesion. Its loads are thus always comprised between 
those two limits. 

On a common roafd, where the resistance of traction is 
very considerable, not oneof the above-mentioned engines 
would be able, by the force of its steam, to draw a weight of 
75 1, much Jess ever to attain 244 t. The loads will there- 
fore always, an^ in every circumstance, remain below what 
they would be on a railway. Of what importance is it, in 
fact, whether the moter gains in regard to adhesion, which 
is only an inert force, if the power of the steam do not en- 
able it to profit of that advantage ? 

We say that an engine that draws on a railway a load of 
75 1. at leasts will never be able, on a common road, to 
draw that same load^/ most. 

Let us in fact examine the same engine, with the same 
weight and same pressure^ placed in those two difierent cir- 
cumstances. 

The experiments made by Mr. Telford, on the draft of 
carriages on different sorts of roads, prove that on the road 
from Liverpool to Holyhead, the best in England j the 
force of traction necessary to draw a weight of one ton is as 
follows: — * 

s 

* Report of the Holyhead Road Commissioners. 
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lbs. 
Ist On a well-made pavement - > - - 33 

2d. On a broken stone surface on old flint road ' - 65 

3d. On a gravel road - - - - . 147 

4th. On a broken stone road, upon a rough pavement 

foundation - - - - - - 46 

5th. On a broken stone surface upon a bottoming of con- 
crete, formed of Parker's cement and gravel • 46 

Mean - ' • 67 

On a railway, a ton requires only 8 lbs. traction. Thus, 
on the Holyhead road, the traction of a ton requires eight 
times as much force as on a railway. 

The consequence is, that the Furt engine, for instance, 
which by the effect of its 65 lbs. effective pressure, was able 
to draw on a level 244 1, would in no circumstance, even od 
the excellent Holyhead road, be able at the same pressure 
to draw more than ^ of that load, or 30 1. 

Thus its maximum load on a common road would only 
be the | of its minimum load on the railway. 

To which must still be added, that the resistance of the 
engine, in the case of its progress on a common road, will 
be, like the resistance of the wagons, considerably augment- 
ed. It will therefore be obliged, in order to move itself, to 
consume a much greater portion of its own power, which 
will diminish in the same proportion the 30 1. it might else 
have drawn. 

We see that on a common road, the resistance of the car- 
riages puts much quicker a stop to the useful effect than the 
adhesion does on a railway; atid, that, under all circum- 
stances, the advantage in regard to the load is in favour of 
the engines on railways. 

But there is another consideration that appears to militate 
in favour of what is called steam-carriages, that is to say, 
locomotive engines employed on common roads ; that con- 
sideration is the expense of constructing a railway which is 
thus avoided. A considerable economy is expected to be 
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made by that means. The construction and keeping in 
repair of the railway, is in fact a very heavy expense. The 
capital laid otit for that will be entirely avoided. But, at 
the same time, the chief advantage of the undertaking will 
be lost 

Why demur to lay out capital, if a considerable profit is 
to be derived from it ? Why save the first expense, if the 
consequence is the necessity of spending more annually 
than the interest of the capital saved ? 

This is exactly the present case. The construction of a 
railway is undoubtedly expensive; but it is the principal 
element of success. It is money employed to level the 
road, in order not to have any difficulty afterwards in con- 
veying the goods, and to begin from that moment to reap 
the profits. What would be said to a man who should pro- 
pose to cross the fields in order to avoid the constructing of 
roads? The answer would be, that the loss in freight 
.would be greater than the expense of construction. 

The same is true in regard to railways. If there be 
an advantage in constructing them for horses, as an ex- 
perience of sixty years' prosperity has sufficiently den^on- 
6trated| how is it possible that there should be none for 
the use of locomotive engines or any other moter ? What- 
ever advantage these engines may ofier on common roads, 
they must necessarily present a much greater one on rail- 
. ways. 

It may appear surprising to see It steanl engine on a com- 
mon road draw two or three stage coaches with 12 or 15 
passengers in each. But the I^iverpool engines at the time 
of the races have drawn as much as 800 persons in a single 
train, at a speed of 15 miles an hour. 

It will perhaps be said, that steam-carriages are able to 
draw more than three stage-coaches. As yet, however, 
none have been found that have done more. The greatest 
part of them do not even carry more than 18 or 20 passen- 
gers. It is easy to see the cause that puts so soon a limit to 
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their load. There exisis no common road without conside- 
rable acclivities. As they must be overcome, it is neces- 
sary to give to the engine only the load which it can take 
over the steepest of those ascentsl Now, on an acclivity of 
j^j, the weight of three stage-coaches, or 9 t., increased by 
the weight of the engine, presents, on account of the gra- 
vity, a resistance equal to that which 45 t. dr 15 stage- 
coaches would offer on a level. A steam-engine that is to 
draw three stage-coaches during a journey of some length, 
must therefore be able to draw 15 loaded stage-coaches on a 
level common road. This is all that can be supposed, even 
admitting improvements, for that force corresponds with 
120 stage-coaches on a railway. We must tSike therefore 
two or three stage-coaches at most, as the regular load of 
these engines. 

But the levelling, which is the result of the expense at- 
tending the constructon of a railway, renders those same 
engines capable of drawing 40 loaded stage-coaches or 
wagons. This is thus 12 or even 20 times as much. To 
do the same work on a common road, 12 times as many- 
engines will consequently be required at once, with 12 
times as many engine-men and fire-men. Considering also 
the disadvantage there is for the engines, in respect to fuel 
in drawing small loads, we may confidently calculate that 
the expense for fuel will be doubled. Of this we will be 
the more convinced, if we take into account the surplus of 
power necessary to move the engine itself on a road full of 
asperities. 

Besides, the repairs of the engines are, even on railways, 
a considerable' expense. At Liverpool of the 30 engines 
belonging to the company, ten only are in activity on the 
line for the conveyance of goods and passengers. The ef- 
fective work is eight or ten hours a-day, and the expense for 
maintaining in activity those ten engines, amounts to more 
than £18,000, or £1,800 a-year for each of them. These 
expenses are paid and become a source of profit, because on 
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a railway the engines draw considerable trains; but it would* 
not be the same thing if the trains were reduced, or, in 
other words, if a greater nunit)er of engines were required 
to do the same work. Moreover, if ^the engines, instead of 
sliding without jolts on the smooth surface of a railway,^ 
were obliged to run on the rough soil of our roads, how 
great would not be the expense of repairs. And we have 
12 times as many engines to repair. 

Outlay and interest of capital for engines, salary of en- 
gine-men and assistants, fuel, repairs, all these articles will 
soon have absorbed the expected economy. 

Besides, the chief advantage of such undertakings, con- 
sists in the speed with which the haulage is executed. 
When the 29i miles between Liverpool and Manchester 
were travelled in four hours, there were about 450 passen- 
gers going daily from one of those towns to the other. At 
present when, thanks to locomotive engines, the journey is 
completed in an hour or an hour and a half, there are 1,200 
passengers a-day. The speed has the greatest share in the 
creation of that profit. It must be given up if the engines 
are only to run eight or ten miles an hour. 

Now, the 8 or 9 1. that the locomotive engines weigh on 
railways, allow us to give them a su£Eicient extent of boiler 
to generate a certain quantity of steam per minute, and con- 
sequently a certain speed. If the nature of the r.oad obliges 
us to reduce the weight of the engine to 3 t. only, with the 
necessity of making all its different parts stronger, on ac- 
count of the jolts on a rough surface, there will naturally be 
less heating surface in the boiler, and consequently less pos- 
sible speed. And, in fact, the steam-coaches scarcely do 
more than eight or ten miles an 4iour. ^ 

As a last reflection, we shall add, that until the present 
moment the success of locomotive engines on common roads, 
continues, as a speculation, to be very uncertain, whilst the 
prosperity of railways, whatever be the moving power, is 
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demonstrated by their continued extension* Steam-coaches 
may be improved, bat, we repeat, whatever 6e the advan- 
tages they may offer on a common road; it is not to be con- 
tested that, by employing them on a railway, those advan- 
tages will be infinitely greater. 
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OFTHEFDEL. 



Section. 1. — Of the Consumption of Fuel in Proportion 

with the Load. 

We have still an important article to discuss. That is the 
fiiel. 

From what we have said above, the steam, generated in 
the boiler at whatever pressure it may be, takes, in passing 
into the cylinder, a pressure exactly determined bv the re- 
sistance on the piston. The mode of action of the engine, is 
thus limited to the transformation of a certain quantity of 
steam drawn from the boiler, and consequently at the pres- 
sure of the boiler, into stc!!am at a lower pressure and of a 
proportionally greater volume. 

Let us suppose the same engine, with Hie same pressure 
in the boiler, and travelling the same distance with two dif- 
ferent loads. The distance travelled being the same, the 
number of turns of the wheel, and consequently of strokes 
of the piston or cylinders of steam expended during the 
journey, will be the same in the two casesL If the load had 
been the same, there would also have been identity in the 
nature of the steam expended. But as the .loads differed, 
the same number of cylinders will indeed have been expend- 
ed, but the d^ree of the steam in the cylinders will be dif- 
ferent in the two cases. 
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Then the expense of moving power will be in one case a 
certain volume of steam at the pressure R, for instance^ and 
in the other case the same volume at the pressure R'. 

The pressure of the steam in the boiler being supposed the 
same in the two experiments, its temperature will also be 
the same. As the temperature experiences no reduction 
Airing its passage to the cylinders, the pipes and the cylin- 
ders themselves being immersed in the boiler, or surrounded 
by the flame of the fire-place, the temperature of the steam 
in the cylinders will be the same in the two cases. 

Thus the volume and temperature of the steam expended 
during the journey will be the same in both circumstances. 
The pressure of the steam in the cylinder will alone have 
undergone a change. Consequently the mass or weight of 
steam expended, will be in each case in the ratio of the pres- 
sure in the cylinder. 

The weight of the steam being equal to that of the water 
that generated it, the weights of water evaporated will then 
be to each other as the pressures in the cylinder, or, in other 
words, as the resistances on the piston. Besides, as the wa- 
ter is first transformed into steam at the pressure of the boiler^ 
that is to say, in both cases into steam at the same degree of ^ 
pressure, it follows also that the quantities of fuel necessary 
for the evaporation, will be to each other as the pressures or 
total resistances on the piston. 

This shows that the consumption of fuel is independent of 
the speed, and that it depends only on the resistance on the 
piston. 

If in the two journeys we consider, the pressure happens 
not to be identically the same in the boiler, there will be a 
little more fuel ccinsumed in that case where the pressue has 
been the greatest, because the pressure could only increase 
in consequence of an increase of temperature. But as de- 
grees of pressure very distant from each other are produced 
by very similar temperatures, the difference of consumption 
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occasioned by that circumstance will.be of little importance, 
and will not be perceived in practice. 

This principle gives the proportion of the consumption of 
fuel for the same engine with different loads, and may thus 
serve to determine its consumption in all circumstances, as 
soon as it is known in one determined case. 

If for instance Q and Q' are the quantities of fuel expend- 
ed with two given loads, the resistance on the piston with 
the first of these loads being expressed by R, and with the 
second by R', we shall have 

Q' "^R* 

But we have already calculated the resistance R on the 
piston of an engine. We have seen ^(Chap. V. Art. II.) 
that M being the load expressed in tons, tender included; 
F the friction of the engine without load; dihe diameter 
of the cylinder ; D the diameter of the wheel; / the length 
of the stroke; p being the atmospheric pressure per unit of 
surface, n the resistance of the load per ton, and i the ad- 
ditional friction of the engine per ton of load, that resist- 
ance is 

R = [F + (5 + n) M] -^ + p; 

Thus, for a different load drawn by the same engine, we 
shall have 

R' = [F + (5+n)M']-^ + p; 
consequently, 

Q_ lF + iS + n)M-]^^+f 

^' [F + {S + n) M'] ^^ + p' 
This equation can be written in the following form : 

r fd»i F "1 

Q _ "* '*' LFF^QP "^ M^ J 
L(^ + n) D ^ + " J 



< 
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CHAPTER IX. 



A TABLE OF THB CONSTANT VIS INERTIiE OF THE EN6INES| NECES- 
SARY TO DETERMINE THE CONSUMPTION OF FUEL WITH DIFFER- 
ENT LOAPS. 



Designation of the Engine. 



Constant 

vi8 inertuKj 

expressed 

in tons. 



Engine with cylinders 11 in.» or in feet 
stroke 16 in., or - - 
wheel - * - 
friction - - - 



0.917 f^. 
1.33 ft 
5 ft 
120 lbs. 



66 t. 



Engine with cylinders 12 m.^ or 
stroke 16 in.» or • 
wheel • 
V friction 




80 t 



Engine with cylinders 13 in., or 
stroke 16 in., or 
wheel - 
friction 



1.083 ft 
1.33 ft. 
5 ft. 
165 lbs. 



92 t 



Engine with cylinders 14 in., or 
stroke 16 in., or 
wheel - 
friction 



Engine with cylinders 12 in., or 
stroke 18 in., or^ - 
wheel 
friction 



1.166 ft 
1.33 ft 
5 ft 
180 lbs. 



105 U 




107 t. 



'J 
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Section 2. — Experiments on the Quantity of fuel con'- 

sumed by the Engines, 

The above formula, which is of easy application, gives 
the absolute quantity of fuel required by an engine in all cir- 
cumstances, provided the consumption of the engine in a 
given case be known. 

The only thing necessary, will therefore be, to make one 
experiment on the fuel consumed by the engine with, a given 
load, which will be the data of the problem. 

Evidently between two different engines, this first data 
will differ according to the particular construction of each 
engine, and chiefly according to the extent of heating sur* 
face of its boiler. The following experiments were there- 
fore undertaken on the Liverpool aqd Manchester Railway^ 
in order to obtain a knowledge of this data, and likewise to 
verify the theoretical principle exposed above. 

In these experiments the tender was first carefully emptied, 
then the coke was accurately weighed and put into the ten- 
der. The fire-place of the engine was besides filled with 
fuel, up to the lower part of the door. At the end of the 
experiment, the fire-place was again filled to the same height, 
and the coke remaining in the tender was weighed with the 
same care as at setting off. 

As an engine that ascends alone, with its train, an inclined 
plane exerts necessarily a greater effort than if at that mo- 
ment it were helped by an additional engine, we have put 
down whether the engine was helped or not in going up the 
plane. We have also inscribed the state of the weather and 
the temperature of the water in the tender, in order that 
those circumstances might be taken into consideration. 

In these experiments, the co-operdtion of the persons at- 
tached to the establishment was often necessary. We must 
particularly mention Mr. J. Dixon, the resident engineer^ 
to whom we are indebted also for his accurate levelling of 
the road, and many other pieces of information obligingly 

communiciTted to us. 

35 
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EXPERIMENTS ON THE ftUANTITY OF FUEL CONSUMED 



N.mo of lh9 Engine. 


Bt 


Na.Tire and ndght of 

Ihc load, 

nol inclqiiing the lender. 


1 

i 

n 


If 
ill 
~4i 


IF 

1 


Atus, from Liv. to Manch. 
Do. do. 
Do. do. 


1834. 

23 July 
DJuly 
4 Aug 


too». h. ro 
JOwBgoag - - 1!10.003. 3 
as do. - . 123.13:1.48 

95 do. . - 122.641.58 


15 

la 




Iba. 

53.7 
53 
53 


Do. do. 
Do. do. 


14 Julj 


25 do. . - lie,9o!l.31 
as do. . . 117.eil.4l' 


19 
5 


61.5 
53 


Do. do. 
Do. do. 
Do. da, 


28 June 

16 July 

17 July 


as do. . 113.!I0 
20 do, - - 84.66 
15 do. - - 65,40 


1.50 
135 
137 


5 
23 
3 


53 

53Ji 

54 


Do. from Manch. to Liv. 


31 July 


3 loaded wagons audi 


1.54 





30 


Do. do. 


n July 








Vebta. from Liv. to Manch. 
Do. from Muich. to Liv. 


5 July 
lAug 


of tho ruad J 
20wngon« - - 92,75 
5 loaded wagona and j,,,3 


136 

1.42 
U5i 


3 




54.5 

53 

51 


VcLCiN, from Liv. to MancL 
Do. from Manch. to Liv 


IJuly 
i2 July 

15 Aug 
15 Aug 

24 July 
34 July 


aOwagona . - 97.70 
9 first daoB carriages 34.07 


1,37 
1.17 


3 
3 


545 
645 


Lebm, from Liv. to Manch. 
Do. fron. Manch. to Liv. 

Fort, from Li., lo Manch. 
Do. from Manch. to Liv. 


aOwagona . - 83.34 

' ""• :'h^KaM^-"' 

10 do. - - 51.1 e 

10 do. . . 43.80 


1.35 
1.17 
IM 
1.3S 



3 





54 
49 
60 
53 


JnP-TEH, from Liv. loManoh 
Do. from Manch. to Liv 


16 July 
16 July 


8 first claaa carriagea 33,0!1 
7 do. do. 33.0!) 


1.13 

1.12 


3 
4 


53 
53 


Fi«K»i.T,from Liv. to Manch. 3(1 July 


B do. do. 3G.40 


1.35 


5 


44 


Dq. from Manch to Liv .36 Jul; 


8 do. do. 36.40 


i.ie 


5 


49 






.'Jum - ifios.es 


~^ 


~^ 


"^ 
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BY THE UrcOMOTIVE ENGINES, WITH GIVEN LOADS. 



w 


%U 






°J 


m 


Acceasoiy cirtumalan 


■!«. 


Hi 






hi 






III 


B 


""^'JXcil^ Ttmpetature of l]ie wnler 


Biale nf lUe 




SO-B 






Iba. 


lbs. 






IS9E 


0.28 


Help. Water cold b the lenclar. 


Calm wealber. 


IIOS 


0.30 


Help. Walor lukewnrm in lliB lender. 




1224 


034 


Help. Water cold in t)ie tender. 

7»e eaaneclins rods of the iDhettt too tigH. 


Fair and calm weather. 


1118 


0.33 


Help. Walar cold in llie lender. 


Fair and calm weather. 


1-136 


0.33 


Help. Water lukewarm in tlio lender. 
One pislon too stack. 


" 


1104 


0.33 


Help. Waler rather hot ia the tender. 




1081 


0.39 


Help. Walcr b little lukewarm in the lender 


Calm weather. 


loia 


0.S3 


Help. Water very hoi in the lender. 
The axhJiox of one of the tcagans tor, tight. 


Fuir and ealin weather. 


881 


0.73 


No Iielp. 




730 


0.93 


No help. Waler rery hot in the lender. 


Fair and calm weather. 


9Ifi 


0.33 


Help. Water hoi in the tender. 


Calm weather. 


774 


0.80 


No help. Water vcr; hot in llio lender. 


Fair weather, modcnilo wind 
in favour of the motion. 






ri* engine i. >till a liuU. Miff. It tonus out of the repair-yard. [ 


1071 


0.37 


Heip. Waler lukewarm in Ihc lender. 


Calm wealhcr. 


604 


" 


No help. Water cold in the tender. 


Fair weather, very lighl wind 
oganst the molion. 


B97 


o.3e 


Help. Water rithcr lukemirm in the lender. 


Fair and calm weather. 


690 


0.63 


No help. Waler very hot in Uie lender. 


Fair and calm weather. 


80e 


U.46 


No help. Water cold in the lender. 


Fairand calm wealhcr. 


746 


U..19 


No help. Water cold in the lender. 


Fair weather, side wind lolc- 
raWy «reng by interval.. 


742 


0.76 


Help. Wnter ilmust cold in the lender. 


Fair and calm weather. 


S30 


0.94 


Help. " . 


Fair weather, moderate wind 
contrary to the motion. 


87S 


0.33 


Help, Wnler almosl cold in the lender. 
The engine is not in a good condition. 


Fair weaUier. 


870 


0.81 


Help. 


Rainy weather, wind tolera- 






The engine is nof in a good e<mdUton. 


bly strong aeninal the mo- 






a08GS 


" 




linn. 
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In examining these experiments, we find that neither the 
pressure in the boiler, nor the velocity of the motion, have 
any remarkable influence on the result. This fact was al- 
ready indicated by theory. 

We also remark the advantage that is found, in respect to 
fuel^ in making the engines, whenever it is possible, draw 
the greatest loads their power will permit. For instance, 
the Atlas, drawing a load of 25 t., consumed 720 lbs. coke, 
whereas, in drawing 190 t., or a load eight times as great, it 
only consumed double the quantity of coke. This differ- 
ence must evidently, as we have explained above, be attri- 
buted to the expense of power necessary in each case, in or- 
der to overcome the resistance of the atmosphere, the en- 
gine, and its tender. 

We must add, that in those experiments the coke em- 
ployed was of prime quality, or Worsley cokCj which is pre- 
pared on purpose for iron-foundries. When gas-coke 
is used, the engines consume about 12 per cent, more, 
without reckoning the loss resulting from the friability of 
that combustible. It has moreover been ascertained, that 
the sulphurous parts it contains are highly destructive of me- 
tals. For that reason its use had been completely given up 
on the Liverpool Railway, notwithstanding its low price. 

In making use of coals of good quality, the quantity re- 
quired is nearly the same as that of good coke ; but this com- 
bustible has in regard to the preservation of the engine, the 
fame defects as gas-coke. - 

Respecting the distance travelled by the engine in these 
experiments, the railway from Liverpool to Manchester is 
generally reckoned 30 miles long, and considered a level ; 
but as a greater degree of accuracy is required in the calcu- 
lation, and as we wish to deduce from these experinients the 
really corresponding consumption of coke on a level rail- 
way, we must reckon as follows. 

One part of the line travelled by the locomotive engines 
IS 29i miles long. If we divide it in three parts, we see that 
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1 1 drawn from one end of the railway to the other^ opposes 
the following resistances. (See the section of the railway. 
Chap. V. Art VII. § 1.) . 

ton. miles. 

1 t. at 26s miles, on nearly a level - - - 1 at 26i 
I t. at li mile, ascending -^ or -g^, equal (friction 
and gravity) to 4 t drawn to the same 
distance on a level, or 1 t at 6 miles - 1 at 6 
1 t. at I3 mile, descending by the sole force of the 

gravity 00 



Sura - - - - 1 at 32.5 

Thus when the engines ascend the plane without help, the 
work they actually do is equal to the traction of a similar 
load to a distance of 32.5 miles on a level. 

If they ascend the plane with the help of one or more other 
engines, their share of the load in ascending is on an average 
only I of the whole on the plane, and thus the work they do 
is equal to the traction of their load to 26,5 + 2 = 28.5 
miles. 

This does not include the surplus of resistance owing to 
the gravity of the engine and its tender in going up the plane. 
Their average weight being together from 13 to 14 t., the 
gravity of which on the plane is equal to the resistance of 
about 40 t. on a level, We see that this fresh effort required 
of the engine, equals the traction of 40 t. to a mile and a half, 
which is the length of the acclivity. If therefore the train 
itself weighs 30 1. without the tender, as is the case with en- 
gines that are not helped by additional ones, the work is 
equal to the traction of that train 2 miles more than the 
length of the line. If, on the contrary, the load weighs 60 
or 80 t., as is in general the case with engines that are helped 
.on the inclined planes, the additional traction of 40 1. for li 
mile, is equal to the traction of the whole load to a mile. 
Then for trains that receive no help at the passage of the 
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inclined planes, we must reckon the distance for which the 
draft has taken place, as equal to 34^ miles on a level ; and 
for the. engines that are helped on the acclivity; we must 
' reckon the work they have done as equal to the traction 
of their load to a distance of 29i miles on a level. The 
difference which exists in these two cases, is of ^ in plus 
for the unassisted engines. This is the work done by the 
helping engines when they are employed, and the surplus 
of work produced by the passage of the planes. ' 

It is from those distances of 29.5 miles and 34.5 miles, 
that the numbers placed in the eighth column of the preced- 
ing table have been deduced in each experiment. 

In examining the results contained in that table, we find 
that they agree with the rule deduced above from the theory 
of the engine. 

For the Atlas, the average of the experiments made with 
25 wagons, gives 119 t. conveyed by 1136 lbs. of coke. Cal- 
culating upon this data, aqd adding j- for the cases where there 
has been no help, we find 



Atlas 



Vesta 



Vulcan 



Leeds 



Fury 



tons. lbs. 


Calculation. 


119 and tender 1136. 




190 and tender - - - 


. 1531 


95 and tender - - . - 


. 1002 


65 and tender - - - 


- 835 


35 and tender - • - 


- 779 


25 and tender - . - 


- 719 


93 and tender 916. 




34 and tender - - - 


- 668 . 


98 and tender 1071. 




34 and tender - - - 


- 773 


83 and tender 897. 




32 and tender - - - 


- 697 • 


51 and tender 806. 




44 and tender - - - 


- 759 . 



'Experiment. 

- 1596 

- 1081 
. 1012 

- 881 

- 720 

- 774 

- 664 
. 690 



- - - 746 
If we take into account the accessory circumstances, we 
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shall find between the calculation and the experiment, as 
complete a coincidence as the nature of the experiments 
themselves could allow ; for, besides the above-mentioned 
circumstances, the greasing of the carriages, the quality of 
the coke, and, above all, the manner in which the fire-place 
is filled after the experiment, are subyect to produce conside- 
rable diflferences, notwithstanding the most scrupulous at- 
tention. 

The experiments we have related, give the quantity of 
coke consumed during the trip. 

It is however clear, that in the interval between one trip 
and another, the engine, although at rest, continues to con- 
sume a certain quantity of fuel, because its firo must be kept 
up for the following journey. It is true that several of those 
engines, such as the Atlas, Vesta, and some others, have 
a particular sort of apparatus, by means of which, while the 
engine is at rest, the steam that continues to be generated in 
the boiler may be led to the tender. That steam is then not 
completely lost, being condensed in the boiler, and serving 
to heat the water it contains. But all the engines are not 
disposed in that manner. 

Besides ther^ is in all cases consumed^ every morning, a 
certain quantity of fuel for heating all the parts of the engine 
and the water of the boiler. 

A surplus of consumption must therefore be calculated for 
those two objects. This is a practical piece of information 
which will find its place hereafter. 

The researches contained in the work, give the solution 
of all such questions as are most important for the applica- 
tion of locomotive engines to the draft of loads on railways. 
They give the means of measuring the pressure of the steam ; 
of calculating the load, the velocity, and the proportions of 
the engines ; of valuing the different sorts of resistance they 
have to overcome ; of taking into account the influence of 
additional circumstances on their motion ; and, finally, of 
knowing their consumption of fuel. 
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Here naturally our work terminates. However, aa a 
knowledge of these engines cannot be complete, unless we 
are able. to calculate also the expenses they will require for 
a given draft, we add in an Appendix the necessary infor- 
mation, by means of which that important point may be es- 
tablished. 



» • 



APPENDIX. 



ISXPENSES OF HAULAGE BY LOCOMOTIVE ENGINES ON 

RAILWAYS. . 

We have said that, in order to complete the knowledge of 
locomotive engines, we have still to consider them as a mat- 
ter of speculation ; that is to say, to examine the amount of 
the expenses attending the haulage by means of locomotive 
engines on railways. That research is the object of the pre- 
sent Appendix. 

We shall draw the documents we have to present on that 
subject from the two most flourishing undertakings of the 
kind in England : the Liverpool and Darlington Railways. 
They will have, besides, the advantage of presenting ex- 
amples of two very difierent sorts of conveyance : the one 
very rapid, and principally composed of passengers; the 
other slow, and composed of goods. 

The expenses attending more especially the haulage by 
means of locomotive engines, are limited to the keeping in 
repair of the engines, the maintenance of the way, and jihe 
consumption of fuel. There are some other expenses, also, 
but they do not give occasion to discussion, and it will be 
sufficient to find their amount stated in the specified reports 
we subjoin at the end of this Appendix. 

Section 1. — Expense for repairs of Locomotive 

Engines, 

In the outlays above enumerated, the expenses which 
must naturally first of all draw our attention, are those which 
attend the keeping in repair of the engines. 

Before we enter into any calculations on that head, it is 
necessary to mention that what is meant by repairs to the 
engines, is nothing less than their complete reconstruction; 

36 
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that 18 to say^ that when an engiire requires any repair, un- 
kss it be for some trifling accident, it is taken to pieces and 
a new one is constructed, which receives the same name as 
the first, and in the construction of which are made to serve 
all such parts of the old engine as are still capable of being 
used with advantage. The consequence of this is, that a re- 
constructed or repaired engine is literally a new one. The 
repairs amount thus to considerable sums, but they include 
also the renewal of the engines. 

According to the tables at the end of this work, it will be 
seen that in the year ending on the 30th of June, 1834, the 
repairs of the engines of the Liverpool Railway cost : 

From June 30, to December 31, 1833. 
Materials for repairs - - - . jE 3,755 3 7 

Workmen 4,401 410 

Repurs out of the establishment - - 613 3 9 

i; 8,769 12 2 

From December 31, 1833, to June 30, 1834. 

Materials 174,140 19 6 

Workmen 5,432 8 8 

9,573 8 2 

£18,343 4 

The question is now what was the work executed by 
those engines during that interval ? By consulting the spe- 
cified statements which will be found below, we see that 
the goods conveyed on the line during the year have been : 

Between Liverpool and Manchester (30 miles) - - - 139,328 1. 
On part of the line, making an average of 15 miles,* 
24,934 1., which, on Uie whole, is equal to - - - - 12,467 

' Sum 151,795t. 

In the tables we mentioned, we find some other haulage 
executed, such as that for Bolton and that of coals ; but this 
work is executed by engines which do not belong to the 
company, and for that reason we do not take it into account 
in this place. 

The above-mentioned weight is that of the goods convey- 
ed, to which must be added the weight of the wagons. Now, 
on that railway, the average load of a wagon is 3.5 t., and the 
wagon itself weighs 1.5 t.; so the weight of the carriages that 

* The distance to which the company carries tJbe.Wigan and Warring- 
ton trade, which makes the principal part of this article, is 15 miles. 



EXPENSE FOR REPAIRS OP ENGINES. 275 

served for the above-mentioned tonnage will be known by 

1.5 

multiplying the number obtained, by the ratio ^. And as, 

moreover, the engines, for want of sufficient returning traffic, 
are obliged to bring back half the wagons empty in one of 
the two directions, or ^ of the whole, we shall have for the 
gross weight drawn by the engines in the course of the year — 

Weight of the goods - - ' - -' 151,795 1. 

Weight of the corresponding wagons . - - 65,055 

Weight of the wagons brought back empty - 16,264 . 

233,114 t 

This is the tonnage of the goods, to which must be added 
that of the travellers. In the course of the year, 415,747 
travellers were conveyed from one city to the other in 6570 
journeys.*' This makes an average of 64 travellers per train. 
The coaches required for that number of travellers, including 
the empty carriages added to each train to be ready for any 
emergency, are six carriages of the first class, or five of the 
second, t 

The weight of six first class coaches, including the mail, is 21 1. 
The weiglit of a second class train of five carriages, includ- 
ing one glass coach, is - - ... 12.6 

Lastly, for 13 trains of the first class there are 16 of the 
second. Thus, the average weight of the carriages for every 
64 travellers may be reckoned at 16.4 t 

Consequently, the total weight corresponding to thfe tra- 
vellers conveyed was: 

415,747 travellers at 15 per t. - - - 27,717 t. 

Corresponding weight of the carriages - - 107,748 

Luggage of me travellers, at 28 lbs. each - 5,197 

140,662 t. 

Thus th^ total definite weight, drawn by the engines be- 
longing to the company, during the year was — 

• This is the number of the travellers inscribed on the company's book& 
It includes neither the travellers put down nor those taken up on the 
' road, the numbers of which balance each others 

f The first class carriages are glass coaches, contidning each 18 per- 
sons; they weigh 3.65 t. Those of the second class are open, and have 
24 places ; their weight is 2.23 t. Lastly, the mail-coaches wei^h 2.71 1, 
and carry 10 traveUers. Each glass coach has besides one outnde place. 
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Gross weight for goods - - - - 233,114 1* 

Gross weight for travellers - - - - 140,662 

373,776 t. 

We have already shown in this work (Chap. IX. § 2) that, 
taking into account the surplus of resistance occasioned by 
the gravity at the passage of the inclined planes of that line, 
the load must be considered as carried to a distance of 34 
miles and a half on a level. Thus, as a ton carried to a dis- 
tance of 34.5 miles is equal to 34.5 t. carried to a distance of 
one mile, the draft here above is equal to 12,895,272 gross 
tons carried to one mile on a level. 

For that haulage the repairs of the engines cost d818,343 
Os. 4., consequently the repairs, per gross ton carried to one 
mile on a level amounted to 

0.342fl?. 

In order to execute this haulage, the engines made 6570 
journeys drawing stage-coaches, that is to say, with a velocity 
of 20 miles an hour; and 5086 journeys, with goods, or with 
a velocity of 12.5 miles an hour. The average velocity of 
the haulage, was consequently in miles per hour^ 16.73 
miles. 

We have said elsewhere that the Liverpool and Manches- 
ter Railway Company possesses at present thirty locomotive 
engines. It must not be concluded, however, that that fium- 
her is necessary in order to execute the above said haulage. 
Of these 30 engines about one-third are useless. They are 
the most ancient which, having been constructed at the first • 
establishment of the railway, at a time when the company 
had not yet obtained sufficient experience in that respect, 
are found now to be out of proportion with the work, re- ' 
quired of them. 

The engines actually in daily activity on the road amount 
to about 10 or 11, and with an equal number in repair or in 
reserve the business might completely be ensured. This is 
in fact what happens at present, the surplus, above that num- 
ber, being nearly abandoned. 

We shall complete what we have just been saying on the 
Liverpool locomotive engines, by adding a document that 
will show what these engines are capable of executing in a 
daily work, and the improvement they have undergone in 
the course of the last few years, in respect to the solidity of 
their construction. 
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WORE DONE BY THE TEN BEST ENGINES OF THE LIVERPOOL AND HAN- 
CHESTER RAILWAY, DURING THE YEARS 1831, 1832, 1833, AND THE 
FIRST TWELVE WEEKS OF 1834. 



Year. 



1831. 



1832. 



Name of the Engine. 



Mercury 

Jupiter 

Planet , . . 

Saturn 

Mars 

Majestic 

North Star 

Northumbrian 

PiKENIX ....... 

Sun 

Sum 

Average per week 



Total distance 

travelled by the 

engine. 



Vulcan 

Liver 

Venus 

Etna . 

Saturn . 

Vesta 

Victory 

Planet 

Sun 

Fury 

Sum 

Average per week . 



miles. 

23,212 
22,528 
.20,404 
19,510 
18,645 
18,253 
15,677 
15,607 
15,405 
13,434 



182,675 



380 



26,053 
22,651 
20,464 
20,399 
20,312 
17,739 
17,082 
16,885 
16,535 
15,603 



Total time 
the engine has 

been on the 

road, either in 

activity or in 

repair. 



193,723 
379 



weeks. 

52 

44 
52 
38 
50 
52 
52 
52 
52 
37 



481 



52 
43 
52 
52 
52 
52 
52 
52 
52 
52 



511 
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WORK DONE BY THE TEN BEST ENGINES OF THE UTERPOOL AND MAH- 
CHEBTEll RAILWAT) DURING THE YEARS 1831, 1832, 1833, AND THE 
FIRST TWELVE WEEKS OF 1834. 



Year. 



1833. 



1834. 



Name of the Engine. 



Jupiter 

Ajax ....... 

Firefly 

Liver 

Pluto 

Vesta 

Leeds 

Saturn 

Venus 

Etna 

Sum .... 

Average per week 



Firefly 

Vulcan 

Saturn 

Liver 

Sun 

Etna 

Leeds 

Ajax 

Venus 

Pluto 

Sum 

Average per week . 



ToUl distance 

travelled by thd 

engine. 



milefl. 

31,582 
26,163 
24,879 
23,134 
20,308 
19,838 
19,364 
18,738 
18,348 
17,763 



220,117 



438 



8,542 
8,526 
7,290 
7,080 
7,080 
6,557 
5,712 
4,890 
4,632 
4,246 



Total time 
the engine has 

been on the 

road, either In 

activity, or in 

repair. 



64,555 



538 



weeks. 
52 
52 
39 
52 
52 
52 
48 
52 
52 
52 



503 



12 
12 
12 
12 
12 
12 
12 
12 
12 
12 



120 
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Among those engines^ the Liver had worked for 107 
weeks, had travelled 52^865 miles, or, on an average, 494 
miles a-week during all that time ; the Firefly had worked 
57 weeks, had travelled a distance of 33,421 miles, or 586 
miles a-week, and neither of these engines at the period in 
question, had yet required a fundamental repair.* 

This statement shows what can be expected from locomo- 
tive engines, when constructed with care and of good mate- 
rials ; and there is no doubt that, in time, more work will 
still be obtained-from them. 



In order to give also an instance of the expense of repairs 
'of locomotive engines, under other ' circumstances, and with 
another mode of construction of the engines, we shall set 
down here the work performed by the locomotive engines 
on the Darlington Railway,, during the same year, that is to 
say, from June 30, 1833, to June 30, 1834, and the amount 
of expenses for repairing those engines for the same space of 
time. 

On this railway the number of trips of 20 miles, down hill, 
performed in the course of the year, was 531 85. In each of 
these journeys the engine had to draw, in coals, a load of 
63.6 t., which puts the total work at 

6,764,951 t. carried to the distance of one mile. 

But as this tonnage does not include the tare of the wagons, 
and as, independently of this descending trade, it is also ne- 
cessary to bring the empty wagons up the line again, this 
point requires our entering into some particulars, in order to 
be able to deduce from it the work really executed by the 
engines. 

We shall elucidate it before we go any farther. 

When a weight of one ton is draw on a level railway, we 
have seen that it requires a traction of 8 lbs. But if the line 
is not all on a level, upon each ascending plane, the gravity 

• The greater part of these excellent engines were built by Mr. R. 
Stephenson, the son of Mr. R. Stephenson, so well known for his import- 
ant and numerous improvements in this branch of industry. 

The Liver engine, the merit of which is sufficiently established by the 
above stated facts, is the work of Messrs. Edward Bury and Kennedie, of 
Liverpool. 
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of the mass drawn will be an additional resistance to be over- 
come, and must consequently be added to the S lbs. traction, 
already necessary in order to overcome the friction of the 
wagons. For the contrary reason, in the descending planes 
that gravity enters into deduction of the power to be exert- 
ed, and must consequently be subtracted instead of added. 

If, however, the same train, after having ascended an in- 
clined plane, descends another equal one, the addition in one 
case being exactly equal to the subtraction in the otber^ the 
consequence will be, that the definitive resistance of a ton 
will remain the same as if the way had been level. 

Or, if the way has a known average inclination, from 
which it deviates, at times augmenting and at others dimi- 
nishing, returning, however, always to that average inclina- 
tion, the same principle of compensation will stand good 
still, and it will be sufficient to calculate the traction required 
on that average inclination. 

But this principle, which has its foundation in the suppo- 
sition that the engine is just as much eased in one point as it 
is overcharged in another, ceases to be true on all such 
planes where the gravity surpasses the friction ; that is to 
say, on all planes where the inclination in greater than ^^. 
In fact, beyond that point the overcharge in ascending con- 
tinues to augment rapidly, while the load is going down, al- 
ready reduced to nothing on a plane at ^^j-, cannot diminish 
any more. All compensation therefore ceases. 

This remark proves that the consideration of the gravity, 
on the average inclination of a line, gives the real resistance 
on that line, only in case it contains no descending planes 
of a greater inclination than -^^9 or in case those that are in 
that predicament have been reckoned separately. 

Applying that principle to the Darlington Railway we 
find, according to the section of that line,^ that on its total 

* The part of that railway travelled by the Locomotive engines 
begins at the foot of Brusselton inclined plane, at an elevation of 
383 ft. 1 in. above the quay at Stockton, where it terminates, af- 
ter passing over the following inclinations : — 

Miles. 

0.46 - - - - descent - - - at -g-fr 

0.06 ... - do - - - yiy 

0.92 - - . - do - - - -5^ 

1.45 ---- do ---. y^y 
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length there are eight inclined planes on which the gravity 
surpasses the friction. The length of these eight planes be- 
ing together 10.23 miles, which is a half of the whole dis- 
tance, we see thai, during one half of their journey in de- 
scending, the Darlington engines have no traction to exercise 
and that the trains go down of themselves. The remaining 
half of the way, being practically level (22J feet in descent 
for lOJ miles,) the engines have on that part of the traction 
of a level line, that is to say, 8 lbs. per ton. So their average 
traction during the whole descent is 4 lbs. per ton, or, in 
other words, their work is equal to the draft of their load to 
half the distance on a level. We see here how great a 
mistake we would have made if we had taken as a rule the 
average inclination of the whole line; for that inclination 
being -^-^^ we would naturally have concluded that for all 
the descending trade, the traction was almost reduced to 
nothing. 

Coming back, therefore, to the tonnage on the line, we 
have seen that it amounts, for the goods j to 





Miles. 
















2.25 


- 


- 


- - descent 


» m 


- 


at 5 k 




1.25 


m 


•» 


* - do 


- - 




tJj 




1.01 


- 


m 


- - do 


- - 




SJi 




1.76 


- 


- 


- - do 


- - 




1 
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0.80 
1.16 


m 


... (]o - - - 
- - . do - - - 

• 

Average inclination, 383 


138" 4 

1 


Sum - 


20.78. 


feet on 109,602 


feet or ^1- 


■• 















Besides the principal line, there are lateral branches over which 
the locomotive engines also travel, but the level of which has not 
been taken. The aggregate space travelled over by the locomo- 
tive engines is 24 miles. The rest of the railway, consisting of 
16 miles, is wprked by horses and by stationary steam-engines* 

37 
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6,764,951 t. 

This number does not include the weight of the wagons 

themselves. These wagons weighing 1.30 1, and their load 

being 2*65 t., the addition to be made on that account, will 

1. 30 
be found in multiplying the above number by the ratio * ■ . 

^. DO 

Thus the total weight carried in going doum the line is 

Weight of the coals - - - . 6,764,951 1. 

Weight of the wagon ... - 3,318,656 1. 

Total wt. drawn to a distance of one mile descending 10,083,607 gr. tons. 

We have seen that the draft of one ton to the distance of 
one mile, in going down the line, is equal to the draft of the 
same load to th^ distance of half-a-mile on a level. The 
above-mentioned tonnage, referred to a level, represents con- 
sequently 

5,041,803 gross tons carried to a distance of a mile. 

In order to estimate the draft in going up, we may i*etain 
or not the division of the line in two parts, the result is the 
same ; but the simplest way is to make use of the average 
inclination at ^^. The calculation we have to make re- 
garding only the ascending line, which contains no descend- 
ing plane, and, a fortiori^ no descending plane of a greater 
inclination than ^^, the division established above is no 
longer necessary. 

Considering, then, that the ascending trains are composed 
of 24 empty wagons, weighing together 31.2 t. ; that, be- 
sides, on the inclined planes, the gravity of the engine and 
its tenders offers an additional resistance which would not 
take place on a level ; finally, that the weight of the engine 
is 10 to 11 1, and that of the two tenders, half empty, 4.5 t; 
which makes in all, on the inclined plane, a mass of 46.2 t., 
io be moved ; it will be seen that the total resistance op- 
posed by the train is, 

Friction of the wagons, 31.2 1. at 8 lbs. per ton - - . 249.6 lbs. 
Gravity of the mass 46.2 1. on an inclined plane at .^^ - 362 



Total resistance - - - 611,6 lbs. 
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This, being the resistance that results from a train com- 
posed of 31.2 1. 9 makes per ton, 19.60 lbs., or, in round 
numbers, 20 lbs. As we know, on the other hand, that on a 
level one ton requires only 8 lbs. traction, we see that the 
necessary force is here twice and a-half as great ; or, in 
other words, we see that the draft of one ton to a distance of 
one mile, going up that line, is eq^al to that of the same 
load to 2.5 miles on a leveL 

This granted, we have found that the haulage of the wa- 
gons is equal to 3,318,656 tons conveyed to the distance of 
one mile in going up. Referring this to a level, it will be 
represented by the saofie number multiplied by 2,5, that is 
to say it will be 

8,296,640 gr. t. carried to a distance of one mile on a level. 

From which follows, finally, that the total work executed 
by these engines and referred to a level, is 

Draft in g^ing* down, in gross tons carried to a distance 

of one mile on a level 5,041,803 1. 

Draft in going up, measured in the same way - - 8,296,640 

Sum - - - 13,338,443 1. 

The number of tons of coals which produced this draft 
being, as we have seen, 6,764,951 1, we find that, on account 
of the weight of the necessary wagons and the difficulty of 
the draft in going up, the haulage of those six millions and 
a-half o^ goods produced really a draft equal to thirteen mil- 
lions of tons on a level ; that is to say, to be more accurate, 
that in comparing these two numbers, we see that the real 
work executed by the engines may be deduced from the 
weight of the goods hy multiplying the latter number by 
1.9718. 

This first point established, we may now come to the 
amount of the expenses of repairs. 

After having for a long while kept and repaired their en- 
gines themselves, the Directors of the Darlington Company 
decided, in order to avoid minute accounts, to enter into a 
contract for that ; and, in consequence, in 1833, they put 
their engines in the hands of three persons. 

By the contract entered into, and which is at present in 
force, the company pays ^^ of a penny per ton of goods, 
carried to a distance of one mile ; and, for that price, the 
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contractors have undertaken, not only to keep the engines 
in good repair, furnishing workmen and materials, but also 
to pay all the current expenses of haulage, such as salary of 
the engine men, fuel, oil, grease, &c. Besides this, they 
must also pay the company an interest of five per cent, on 
the capital representing the value of the engines, and of al> 
the establishments placed at their disposal for working. 

The total sum paid to the contractors by the company for 
that object during the year ending June 30, 1834, was 

je 11,347 1^. 9d. 

And deducting the expenses for rent, interest of capital 
and haulage, the amount of which is known, the directors of 
the company reckon that the definitive sum remaining with 
the contractors for the repairs of the engines (bars of fire- 
box included,) amount, with the general profit on the whole 
undertaking, to 

£5,732 18s. 5d. 

This sum has been expended for the carriage of 13,338,443 
gross tons to a distance of one mile on a level ; so that finally 
the expense, per gross ton carried to one mile on a level, 
including the profits on the undertaking, amount to 

0.103c?. 

As a complement to what we have said, and to show on 
this railway as well as upon the Liverpool one, the work the 
engines are able to perform, we shall give a table of the haul- 
age executed, and repairs undergone by the engines during 
the five last months of the year 1S33. 
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Section 2. — Expense/or Maintenance of Way. 

The expenses for keeping the Liverpool Railway in re- 
pair, during the year we are considering, are given in the 
reports that will be found below. From the sums put down 
must be deducted the articles ballast and new railsy the first 
being caused by the recent construction of the road, that is 
to say, by the gradual sinking of the embankments, which 
are not completely compact, and the second being an extra- 
ordinary replacing of the rails on a part of the line. 

Putting therefore, these two articles aside, the expense of 
repairing the railway, during the year ending on the 1st of 
June, 1834, were 

£11,053 2s. 6d. 

During the same time, the loads that passed on the rail- 
'way drawn either by the company's engines, or by engines 
belonging to other companies, were 

Goods on the whole road - - - 139,328 1 

on the half of the road 24,934 1., making 

• on the whole line - - - - 12,467 
between Bolton and Manchester op Liver- 
pool 38,341 1., or on the whole road - 19,170 
Coals on the half of the line 86,173, or on the 

whole ... . . 43,086 

214,051 1. 

corresponding wagons (~ of the weight of the goods) - - 128,431 

Wagt)ns brought back empty (1-4 of the whole) - - - 32,108 
Carriages, and passengers' luggage, as above - - - - 140,662 

Sum 515,252 1 

Thus 515,252 gr. t. passed on each mile of the railway, 
not including the weight of the engines and their tender. 

The expenses for the 30 miles, length of the railway, hav- 
ing amounted to ie 11,053 2s. 6d., or to ^368 8s. Id. per 
mile, the expense per mile for each ton carried was 

O.lTlrf. / 

In this calculation we have only taken the useful length 
of the railway; that is to say, that we have omitted the 
sidings, &c., they being i)nly the necessary complement of 
the principal line. 
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On the Darlington line, during the same year, the ex- 
penses for repairs on the 24 miles, run over by the locomo- 
tive engines were 

.Workmen -----. jE4,253 
Materials ...... 2,060 



£6,313 0* 

The weight that passed during the same time, on that 
part of the railway, was : 

Coals, 6,764,951 tons^ carried to a distance of one mile, or 

upon the whole of the 24 m^es . - . . 281,873 t. 

Corresponding wago«3(l:^ofthe weight of the goods) - 138,277 

Wagons going up the line (same weight) - . - 138,277 

558,427 t.t 

'The expenses for the whole of these 24 miles amounting 
to je6313, we have for each mile £263 Os. IM. Thus the 
expenses for maintenance of way, per mile, and for each 
gross ton conveyed on the road, were 

0.113 rf. 

We have here also, as well as above, left out the cross- 
ings, sidings, &c. 

This amount would undoubtedly be diminished if the 

* The total expense for repsurs of the line during the year we are con- 
sidering were 

For the 24 miles run over by the 
locomotive engines > £4,253 

For the 16 miles worked by horses 
or stationary engines . . 1,067 5 

Space run over by the locomotive 
engines - - - - 2,060 

Part worked by horses or station- 
ary engines .... 



Workmen 



Materials for repairs 



Bepairs to bridges 
Repairs to walls and fences 
Accidental expenses 



518 3 8 
69 17 7 
280 7 11 
467 3 7 



Total expenses - JE8,715 17 9 

N3. The distinction between the expenses relating to the spaces run 
over by locomotive engines and by horses, could only be made by ap. 
proximation ; as the company does not keep separate accounts in that 
respect. 

f Besides this weight, there passes on the line a small number of stage 
coaches, whidi for the last few months have been drawn by the locomo- 
tive engines. But this haulage being inconsiderable, we did not wish to 
embarrass our cidculadon with it 



^ 

i-^ 
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Darlington wagons were on springs, like those of the Liver- 
pool Railway. 

These expenses, as we have seen, amount only to the 
two-thirds of tliose of the Liverpool Railway for the same 
object. The difference is owing to the rapid motion of the 
engines and carriages that pass on the latter railway. But 
it is chiefly in the expense for repairs of engines that this 
effect of velocity is felt. 

It must not, however, be supposed that the considerable 
difference observed in that respect, between the engines of 
the two companies, is exclusively owing to the velocity of 
the motion. That velocity enters, indeed, for a great part 
in it, but the conditions attending each sort of business 
have a no less considerable influence on it. What we mean 
is, that passengers forming the chief business on the Liver- 
pool line, their safety requires that a much greater care be 
taken of the engines than when the load is composed only 
of coals, as on the Darlington Railway. The consequence 
is, that the Liverpool engines are kept with a decree of care, 
we might even say of luxury, to which the Darlington ones 
can by no means be compared. In order to explain com- 
pletely our idea, we shall say that the business of the Dar- 
lington Railway is a business 6f wagonage, and that of the 
Liverpool Railway a business of stage coaches. 

The data laid down above must therefore be taken each 
in their specialty, that is to say, the one as suitable to a 
slow motion, with engines of a certain construction and in- 
tended for the draft of goods, and the other to a rapid mo- 
tion with engines of a different construction, and intended 
for the draft of passengers. 

Before we close this article, we must remark that the re- 
pairs of the railway consist principally in replacing the 
blocks, chairs, keys, and pins. The rails themselves, being 
in malleable iron, seldom break. As for their gradual de- 
crease of weight, by wear, this is a very inconsiderable 
effect. 

On May 10th, 1831, on the Liverpool line, a malleable 
iron rail, 15 feet long, carefully cleaned, weighed 177 lbs. 
IO2 oz. On February the 10th, 1833, the same, rail, taken 
up by Mr. J. Locke, then resident engineer on the line, and 
well cleaned as before, weighed 176 lbs. 8 oz. It had con- 
sequently lost in 21 months a weight of 18J oz. The 
number of gross tons that had passed on the rail during that 
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time %va^ estimated at 600,000. Thus we see that with so 
coDsiderable a tonnage, and with the velocity of the motion 
on that railway, the annual loss of the rail was only ^^ of 
its primitive weight. 80 that it would require more than 
a hundred years to reduce it to the half of its present 
strength. 

Section 3. — Eapense of Fuel. 

In regard to fuel, we have already, in Chapter IX. of this 
work, related experiments from which may be deduced the 
consumption of fuel according to the load the engines have 
to draw. 

However, as in the intervals of the trips the fire must be 
kept up, and as, besides, there are always unavoidable losses 
during working, an increase of expense in that respect must 
naturally be expected in practice. This we also learn in a 
positive manner by the examination of facts. 

According to the half-yearly reports of the Liverpool 
Railway Company, for the year ending June 30, 1834, the 
expense for fuel for the locomotive engines was 

^6,079 15s. 8d. 

The number of trips performed was 1 1,656 ; consequently 
the expense for fuel for each journey amounted to 10.432s., 
and as the average price of coke employed during that year 
on the railway was 23.5s., the consumption of fuel, measured 
in weight, amounted to 994.37 lbs. per trip. 

We have seen (Appendix, § 1.) that the total number of 
gross tons conveyed by the locomotive engines of the com- 
pany from one end of the Railway to the other, in the same 
number of journeys was 

373,776 t 

The average load of the engines was consequently about 32 
tons. 

A load of 32 tons, not including the tender, has conse- 
quently required, by the fact, a consumption of coke of 994 
lbs. So, considering that the load has been really carried 
to a distance of 34i miles, this makes 0. 90 lbs. per gross 
ton drawn to a distance of one mile on a level. Our special 
Experiments (Chap. IX. § 2) only give an average con- 

38 
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£ 8. d. 

Ist Interest on loans - Ist half-year 5,140 6 4 

2d half-year 5,546 4 

^* ^**biSiSente^"'^ "^*^ *"""^^ ^'1 ^** half-year 1,307 16 6 

2d half-year 986 10 2 
3d. New nrils, this being an extraordinary? ^^^ haif.year 150 16 3 
expense - - - 3 

2dhalf.year 3,153 14 5 
4th. From the amount for maintenance of way, new rails 
not included, must be deducted 1-lOth for expei^ies 
concerning the tunnels, that are not worked by the • 
locomotive engines and the length of which is 1^ mile 
on the 31 miles of the whole line Ist half-year 627 10 

2d half-year 619 14 
5th. On the rest of the expense for maintenance of way 
must also be deducted 2*5ths, bein^ expenses occa- 
sioned by the passage, with their trains, of locomotive 
engines not belonging to the company. The haulage 
eflScted by the engines of the company being 373,776 
tons, carried on the whole line. We have seen (Ap- 
pendix, § 2) that the work of the engines not belong- 
ing to the company, raises the tonnage to 515,252 tons ; 
consequently the work of the latter eng^es if 141,476 
tons, or 2-5ths of the haulage of the company's en- 
gines. This article makes - 1st half-year 2,258 18 O 

2d half-year 2,231 

Total «um to be deducted - i:22,022 9 

Remains for expenses concerning the work of the 

company's locomotive eng^es - - 94,420 8 O 

The haulage executed by the same engines being 

12,895,272 gross ton? carried to a distance of one mile: 

the consequence is that, on the Liverpool Railway, at an 
average velocity of 16.73 miles per hour, the total expense 
of haulage by locomotive engines amounts to 

175 d. per gross ton carried to a distance of one mile on 

a level. 

This includes all sorts of expenses, carriages, rent, of- 
fices, &c. 

On the Darlington Railway the expenses of haulage are 
much lower. The company estimates them at I.OO.d. per 
ton qf coals carried to one mile in going down the line ; 
which, aftier our calculation (Appendix, § 1.,) would make 
0.5ld. per gross ton carried to one mile on a level. 

The cause of that difference between the two railways has 
already been mentioned, being the velocity of the motion 
and the nature of the goods conveyed. To this must also be 
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added the coDsiderable difference- in the price of fuel^ the 
Darlington Company employing coal3 which cost only 5s. 
per ton, instead of 23s. 6d., the price of the coke used by 
the Liverpool company. But the use on that line of several 
ways of working either by loconiotive or stationary engines, 
or by horses, does not permit us to class and verify the ex- 
penses with the same precision as in the case of Liverpool. 
This is the reason why we shall not enter .into any particu- 
lars in that respect. 



Section 5.-v^Prqfits. 

After having examined the expenses, it is also necessary 
to cast a look on the receipts. Before we go over to the 
specified statements of the expenses of all sorts of the Liver- 
pool Company, we shall therefore take down here, from those 
same statements, the amount of the profits made by the com- 
pany from the opening of the railway. This sketch will 
show that, if the mode of haulage in question necessitates 
considerable expenses for its establishment, the profits it pro- 
duces are fully adequate to indemnify spe^ily the share- 
holders. 

» The road was opened to trade on September 16th, 1830, 
and from that period the dividends per share of iSlOO 
sterling amounted to the following sums: 

December 31, 1830 ..... 

June 30, 1831 --.... 

December 31, 1831 - - - 

June 30, 1832 - - , - 

December 31, 1832 ..... 

June 30, 1833 -.-.-- 

December 31, 1833 (besides a reserved fund of 

4,088 8s. lOd.) 

June 30, 1834 - - 

Total Slim from Sep. 16, 1830, to June 30, 1834, that b to 
say, in three years, nine months and a-half - > £33 18 3 

This sum makes 9 per cent, a-year, besides the reserved 
fund laid aside by the company, and notwithstanding the 
extraordinary expenses inevitable at the beginning of an un- 
dertaking, which being the first of its kind, was necessarily 
obliged to pay dearly for its own experience, whilst future 
railways will profit by that acquired by their predecessors. 
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Besides this high interest for the capital invested, we re- 
peat that the shares of this railway, from the original price 
of JSIOO sterling, have risen, and sell at present, after four 
years establishment only, at £210; and that those of the 
Darlington Railroad, which boasts only nine years existence, 
give 8 per cent, interest, and have risen in -that short inter- 
val from £100 to dBSOO, which is their present price. 

This plain recital of facts speaks volumes. It is, therefore, 
unnecessary for us to add any reflections. 

We shall be happy if the elucidations we have already 
given and those we intend to subjoin be of use to persons 
who may feel inclined to engage in these speculations, which, 
in regard to expenses, cannot fail to be as advantageous to 
their private fortune as to the prosperity of the country at 
lar^e. 

We shall conclude this Appendix by giving the specified 
statements of the receipts and expenditure of the Liverpool 
Company, from its origin to the present moment. 



EXTRACTS 



FROM THE 



REPORTS OP THE DIRECTORS OF THE LIVERPOOL 
AND MANCHESTER RAILWAY, 



FROM THE 



Opening of the Railway^ on the 16th September, 18J^0, to the 

20th June, l&H. ^ 



STATEMENT OF EXPENDITURE ON CAPITAL ACCOUNT. 

Amount of expenditure on the construction of the way and 
the works, from the commencement of the undertaking 
^o 31st December, 1833 - - . - - jei,089,818 17 7 



ANNUAL OR WORKING ACCOUNT. 

FROM 16th SEPTEMBER TO 3l8T DECEMBER, 1830. 

Nett profits of the Company £14,432 19 5 

Dividend per share of jeiOO 2 

half-year ending 30th JUNE, 1831. 

Nett profits of the Company - 30,314 9 10 

Dividend per share of JCIOO 4 10 O 

. HALF-YEAR ENDING 31ST DECEMBER, 1831. 

Tons. 
Merchandise between Liverpool and Manchester 52,224 

Road traffic 2,347 

Between Liverpool and the fiolton junction - • 10,917 
Coal from Huyton, Eltonhead, and Haydock collie- 
ries brought by the Compatiy*s engines - - 7,198 
Coal from Hulton brought by itie Bolton engines 1,198 
Number of passengers booked at the Com- 
pany's offices 256,321 

Number of trips of 30 miles performed by 

the locomotive engines with passengers 2,944 
Do. with goods - - - - . - 2,298 
Do. with coals 150 



• 
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Receipts. 



Coach department ,- 
General merchandise 
Coal department 



je58,348 10 

30,764 17 8 

695 14 4 



je89,809 2 



Expenses, 



Office establishment 

Coal disbmrsements - 

Petty ditto 

Cart ditto 

Maintenance of way 

Charge for direction 

Coach office establishment 

Locomotive power 

Advertising 

Interest 

Rent 

Compensation (coaching department) 

Engineering department 

Carrying disbursements - 

Taxes and rates 

Stationary engine disbursements 

Coach disbursements 

Wagon ditto .... 

Compensation (carrying department) 

Police establishment 

Law disbursements 

Bad debts . « . . 



909 3 10 
60 15 5 

110 5 

60 17 8 

6,599 12 6 

297 19 



589 

12,203 

59 

2,737 

900 

156 



5 
5 
3 

7 
5 

7 



9 
6 
4 
3 
3 
5 



625 

10,450 12 3 

2,763 5 1 

269 4 7 

6,709 7 11 

979 19 8 

786 8 .2 

1,490 14 1 

98 9 10 

175 13 6 



Nett profit from 1st July to 31st Dec. 1831 
Dividend per share of jCIOO .... 
Nett profit on Sunday travelling per share of £100 

HALF.YZAR ENDING 30tH JUNE, 1832. 

Tons. 
Merchandise between Liverpool and Manchester 54,174 
Traffic to and from different parts of the road • 3,707 
Between Liverpool and the Bolton junction - 14,720 

Coals from different parts of the road brought by 

the Company*s engines 22,045 

Coals brought by the Bolton engines ... 7,411 
Number of passengers booked at the Com. 

pany*s offices 174,122 

Number of trips of 30 miles performed by 

locomotive engines with passengers . 2,636 
Ditto with merchandise - - - 2,248 

Ditto with coals . . - . . 234 



JEr49,025 18 5 

40,783 3 7 

4 10 

^078 



Receipts. 



Coaching department 

Greneral Merchandise department 

Coal ^ ditto 



40,044 14 7 

32,477 14 

2,184 7 6 



je74,706 16 1 
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Expenses, 

Bad debt account £394 5 7 

'Guards' and porters' wages,"* 

JC1104 4 6. — ^Parcel carts and 

^drivers' wages, i^54 10 5. — i 
Coach JOmnibuses and duty, JC1082 Ol 
dinhiirsAmfi* <7.— Repairs and . materials, > 4888 11 
aisDursemts. \g1777 9 4--Gas, oil. taUow/ 

r&c. £228 14 6.— Stationary! 

and sundry disbursements, 

je441 1 7 

'Salaries, £1749 5 10— Porters'^ 

wages, £3862 8.— Brak^ 

jmens' wages, £461 5 9. — Oil, 
Carrying /tallow, cordage, &-c £461 ISV onin 1: o 
disbursemts-Y-— Carting, £808 16 5.--Re.r ^^" ^ 

>airs to jiggers, trucks, &cA 

£163 14 11. — Stationary and 

^sundry expenses, £503 10 8. 

Coal ditto * 

Cartage (Manchester) .... 

Charge for direction .... 

Compensation (coftching) .... 
Compensation (carrying) .... 
Coach office establishment (salaries, £573 13 

1.— Rent and taxes, £106 10 0.) 
Engineering department .... 

Interest 

/^Fuel and watering, £2957 8 0^ 

Locomotive 7 — ^' ^^°^* ^^^Pt ^' £507i 

<3 I. — Repairs and materials, > 10,582 16 2 
power. l£5947 g 5.— Enginemen's wa- 

Qges, £1470 18 8. 

Maintenance of way (wages, £3929 8 0, — 

Blocks, sleepers, chairs, &c. £2668 12 3. 

—Ballast, £733 3 - . . . 7331 6 

' Office establishment (salaries, £652 8.6« — 

Rent and taxes, £77 9 2.— -Stationary, 

&c. £81 10 5) 

Police and gatekeepers .... 
Petty disbursements ^ . . . 

Rent - 

Stationary engine and tunnel disbursements, 
new tunnel rope, £330 10 8.— Coal, £265 
7 0.— Wages, £290 9 9.— Repairs, <h1, 
tallow, hemp, &g. £165 8 9 - 

Taxes and rates 

/ Smiths' and joiners' wages. 
Wagon dis. ) £586 6 7. — Iron, timber, &rC. ( i^n/; |q « 
bursements. ) £265 9.— Canvass, Paint, ^ ^ ^ 
( &c. for sheets, £155 10 10 



26 


8 10 
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9 
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9 
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14 11 



811 

1356 

75 

1840 


8 1 

9 11 
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I 10 


1051 16 
1109 14 


2 
9 



47,770 15 5 
Deduct credits .... 1,112 4 1 



£46,658 11 
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Nett profits for six montlM .... £28,048 4 9 

Dividend per share of £100 .... 400 

Nett profit on Sunday travellingf per share of £100 4 8 

HALF-YEAR ENDING 3l8T DECEMBER, 1832. 

Tons. 
Bferohandise between Liverpool and Manchester 61,995 
Ditto to different parts of the road, includ- 

ing the Warrington and Wigan trade -. - 6,011 
Ditto between Liverpool and Bolton . • . 18,836 

Coals firom various parts of the road to Liverpool or 

Manchester 39,940 

Number of passengers booked in the Com- 
pany's offices 182,823 

Number of trips of 30 miles performed by 
the locomotive engines with passengers 3,363 

Do. with goods 1,679 

Do. with coals 211 

Receipts, 

ComAang department * . . . 43,120 6 11 
General merdiandise .... 34,977 12 7 
Cdal department ..... 2,804 3 4 



jC80,902 2 10 



Expenses* 

Bad debt account . . . • . 81 6 

'Gruards' and porters' wages,^ 

£1173 19 6. Parcel carts 

^and drivers' wages, £375 14 4 
-Materials for repairs, £464| 
Coach Vl 9. — ^Men's wages, repairing^ aor^ q i i 
disbursemts. V613 18 l.-^as, oil, tallow,/ ^^^ ** ^^ 
>c. £232 11 7.— Duty on pas- 
^sengers, £985 19 1. --Station- 
ary and petty expenses, £414 
19 7. 

'Salaries, £1822 13 2.— Por- 
ters', &c. wages, £3925 7 4.— 
CarrvinirdiB 1^®» °'^» tallow, cordage, &c( 

Igers, trucks, stations, &-c.( 

'£398 3 11.— Stationary and 

petty expenses, £540 lo 5. 

Coal ditto ^ - - - - - : 27 2 10 

Cartage (Manchester) .... 2744 18 7 

Charge for direction , . . . . 295 1 

Compensation (coaching) .... 209 15 11 

Ditto (carrying) 150 19 11 

Coach office establishment, (Salaries, £556 

3 10.— Rent and taxes, £75 15 2) - - 63l 19 

Engineering department .... 450 

Interest - ^ 4555 15 7 
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Fuel and watering, £3848 10' 
8. — Oil, tallow, hemp, &c.^ 
t <w.««ni/iti»o 1^661 1 9. — ^Materials for re- 
^!?«r <P""» ^723 9 7.— Men's wa.> 12,646 9 8 
Vs, repairing, £3352 16 2. 
Engine and firemen's wages,^ 
^£1060 11 6. 
Law disbursements - - . . -'^ 118 38 
Maintenance of way (wages, £3675 16 5«^— 
Block, sleepers, chairs, &c. £2355 17 1.-^ 
Ballast, &c. £846 10 9) . . . « 6878 4 3 
Petty disbursements - - - • 66 2 

Rent ...;.... 1246 5 

Stationary engine and tunnel disbursements, 
(Coal, £209 15 3.— Engine and brake- 
men's wages, £316 7 5. — ^Repairs, gas, oil, 
tallow, &c. £326 14 7) - - - 852 17 3 

Taxes and rates - • - - - 3483 18 2 

/ Smiths' and joiners' wages. 
Wagon dis- \ £583 5w — Iron, timber, &c f q/^^ io o 
bursements. ) £350 12 10— Canvass, paint, > ^^ ^^ ^ 

( &c. for sheets, £31 0. 
Office establishment (Salaries, £623 18 0.-- 

Rent, £85 0.— Stationary, £18 9 0) - 727 7 

Police ditto 902 16 5 

^ £48^78 8 10 

Nett profit for six months ..... 32,623 14 
Dividend per share of j£100 . . « . • 4 4 

Nett profit on Sunday travelling per share of JCIOO 4 

HALF.TEAB ENDING 30tH JUNE, 1833. 

Tons. ^ 
Merchandise between Liverpool and Manchester 68,284 
Ditto to difierent parts of the line, including 

Warrington and Wigan - - - . 8,712 
Ditto between Liverpool, Manchester and 

Bolton 19,461 

Coals from various parts to Liverpool and Man- 

Chester 41,375 

Total number of passengers booked in the 

Company's offices .... 171,421 
Number of trips of 30 miles performed by 

the locomotive engines with passengers 3,262 
Ditto with merchandise ... 2,244 

Receipts. 

Coaching department .... £44,130 17 2 

Merchandise ditto 39,301 17 3 

Coal ditto 2,638 15 9 

X86,071 10 2 

Expeneee. 

Advertising account - • . . 50 8 7 

Bad debt account 176 18 6 
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'Gaards* and porters* wages,^ 

L1150 4 0. — ^Parcel carts, 

horse keep and drivers* vrtigeB, 
11401 18 (L— Materials for re.] 

pairs, /.383 15 ll.->MenV 
Coach dis- 7 wa^cs, repairing, LISH 10 6.V e gne o | 
bursemcnts. A — Gas, oil, tallow, cordage,/ ' 
l&c. /<324 4 0.— Duty on pas.( 

scngcrs, 1^2466 15 4^-Sta.| 

tionary and petty expenses, 

£836 15 &— Taxes on offices, 
.sUtions, dec. LI 12 18 4. 
'Agents* and clerks' salaries,' 

£1703 17 6.— Porters' and 

brakesmen's wages, horse 
[keep, &c. £4687 9 7.--Gi 
Carrvinirdis. M^' ^°^» cordage, &c. £6^ 

jtrucks, stations, otc £405 1< 

[1. — Stationary and petty ex- 
penses, 2i336 9 0. — Taxes, ^ 

insurance, &c on offices and 

stations, £798 1 8. 
Coal disbursements .... - 120 16 1 
Cartage (Manchester) .... 2460 16 I 
Charge for direction . - - - 252 
Compensation (coaching) • - - - 38' 1 2 

Compensation (carrying) .... 1033 18 3 
Coach office establishment, (Agents' and 
clerks' salaries, £577 19 6. — ^Rent and 
taxes, £102 17 1) - - - - 680 6 7 
Engineering department .... 441 17 4 
Interest 5,367 11 9 

,Coke and carting, £2795 4 5.^ 

— ^Wages to coke fillers, and 

watering engines, Zi338 16 10 

i — Gas, oil, tallow, hemp, &c. j 

£760 15 2. Copper and! 

[brass tubes, iron, timber, Su 
Locomotive /for repairs, £3290 8 8. — V 14715 ig 9 
power. \ Men's wages, repairing^ '^ ^ 
^£41 15 8. — Enginemen anc"^ 

firemen's wages, £892 4 4 

f Out-door repairs to engines,' 

£943 6 a— Two new en. 

fines, "Lieeds" and "Firo- 
y," £1580 0. 
Maintenance of way (wages, £3648 18 5. — 

Blocks, sleepers, chairs, &o. £2052 5 11. 

—BaUast and draining, £1013 4 11 . 6,714 9 3 

Office establishment (Salaries, £624 19 0.— 

Reiit and taxeis ^^ ^3 6.— Stationary, 

&c.£59 19 5) 744 16 11 

PoUce - . - - . , . . 950 4 7 
Petty disbursemento - - - '- - 70 

Rent . . * 601 15 8 
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Repairs to walls and fences ... 396 4 

Stationary engine and tunnel disbursements 
(Coal, Zil55 8 1. — Engine and brakes- 
nien*8 wages, Zi363 8 lO.-^Repairs, gas, 
oil, tallow, &c. X340 15 11) - - - 859 12 10 

Tax and rate 1,891 7 

Wagon disbursements, (Smiths* and joiners* 
wages, Zi598 3 1. — Iron, timber, &c. L320 
1 4. — (Dordage, paint, &c. for sheets, 1^83 
7 3) 1,000 11 8 

Cartage (Liverpool) 18 46 

je52,900 9 1 

» II I ■ 

Nett profit for six months 33,171 1 1 

Dividend per share of Z>100 4 4 

!Nett profit on Sunday travelling per share of £100 3 6 

^LF-TEAR BUDING 31sT DECEMBER, 1833. 

Tons. 
Merchandise between Liverpool and Manchester 69,806 
Ditto to and from diSerent parts of the line, 

including Warrington and Wigdn - - 9,733 

Ditto between Liverpool, Manchester and 

Bolton 18,708 

Coal from various parts to Liverpool and Man- 
chester 40,134 

Total number of passengers booked at the 

Company^s offices .... 215,071 
Number of trips of 30 miles performed by 

the locomotive engines with passengers 3,253 
Do. with merchandise • ' . . - 2,587 

• 

Receipts. 

Coaching department ... - X54,685 6 11 

Merchandise ditto 39,957 16 8 

Coal ditto 2,591 6 6 

^ £97,234 10 1 

Expienaes. 

Advertising account • - - - - 6 10 

Bad debt account 374 10 1 

Guards* and porters* wages,^ 

Zfl 1 68 4 6 — ^Parcel carts, horse 

keep, and drivers* wages, 

L361 1 7.— Materials for re-i 

Ipairs, 1,689 12 6.— Men's! 

Coach dis- 7^^^8» repairinff, 1,1041 1 3.\ 

uoachdis- y__Q^^ oil, tallow, cordage, > 7,138 16 9 

bursements. \^^ ^^gg ^ 11.— Duty on/^ 

[passengers, £,3224 11 11. — I 

Stationary and petty expenses, ] 

L277 4 5.— Taxes on offices, 

stations, &c. Z,116 8. — ^ 

Guards* clothes, IM 15 0. 



^ 
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rents* and clerks* salaries,. 
L1728 16 9.— Porters* andA 
brake8meD*8 wages, horse J 
^keep, &c L5006 6 10.— Gas,! 
>il, taUow, corda^ d&c L529t 
Carryingto.717 0.-Rep.ir. to JiRgereA 8,627 17 
bursements. Atrucks, stations, clc L3Qo 9a 
111. — Stationary and petty exA 
^pciises, 1429 5 1^— Taxes! 
and insurance on offices, &.C. i 
1456 17 7.— Sacks for grain, J 
•1.110 3 10. ^ 

Coal disbursements ... 
Cartage (Manchester) 
Charge for direction 
Compensation (cocushing) . 
Compensation (carrying) . 
Coach office establisj^ent, (Agents* and 
clerks* salaries, 1^602 6 8.— Rent, Zi30) - 
Engineering department .... 

Interest 5,140 

Coke and carting, L3197 4 4' 
— ^Wages to coke fillers and 
waterers, ii348 8 5. — Gas, 
ioil, tallow, hemp, cordage,] 
f ♦• - ]*^ ^65 14 9.— Brass andl 

^'**°'"^"^® /copper, iron, timber, &c for > 13,965 8 1 
P^^®'- Arepairs, i3755 3 7.— Men*« 
[wages, repairing, i4401 4 101 
— Engine and firemen's wa- 
ges, Z.784 8 5. — Out-door re- 
^pairs to engines, £613 3 9. 
'Wages to plate-layers, joiners,^ 

&c. Z3937 19 2. Stone,i 

Maintenance ) blocks, sleepers, keys, chair8,v^ i:>io<; lii fi 
of Way. S&c. 1,2411 2 4.— BaUasting/ ^'*^ ^* ® 
'and draining, 1,925 16 11.—' 
New rails, Zl50 16 3. 
Office establisliment, (Salaries, 1,607 2 0.—' 
Rent and taxes, Z,75 14 3. — Stationary and 
printing, £22 7 8.— Stamps, L17 2 3 . 722 6 2 

Police 1,022 7 6 

Petty disbursements - . . . 61 19 6 

Rent - - '- - - * - - 603 10 8 

Repairs to walls and fences ... 665 3 4 

Stationary engine and tunnel disbursements, 
(Coal, 1,302 6 5.— Engine and brakes. 
men*8 wages, Z<319 11 2. — Repairs, gas, 
oil, tallow, Slc. £419 15 5. — ^New rope for 

tunnel, L266 3 6) 1,307 16 6 

Tax and rate - 3,409 11 

/'Smiths* and joiners* wages,'^ 

^ ,. \£718 19 7.— Iron, timber,/ 

Wagon dis-J^g^. ^^ ^^^^ ^ ^ i ^ g^j ^ 3 

bursements. Vordage. paint, &c. £28 5 2.C 
C — Canvass for sheets, £163 6 5 ) 
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Cartage (Liverpool) 80 17 10 

Law disbursements 300 3 9 

je56,350 1 9 

Nett profit for six months - - - • - - 40,884 8 4 

Dividend per share of LlOO 4 10 

Nctt profit on Sunday travelling per share of £100 5 3 

Reserved fund formed in the six months - - 4,088 8 10 

HALF-TEAR ENDING 30tH JUNE, 1834. 



Merchandise between Liverpool and Manchester 
To and from different parts of the road, including 

Warrington and Wig an - - - . 

Between Liverpool, Manchester and Bolton 
Coal to Liverpool and Manchester ... 

Number of passengers booked at the Com- 
pany's offices 200,676 

Number of trips of 30 miles performed by 
the locomotive engines with passengers 3,317 
Ditto with merchandise .... 2,499 



Tons. 
69,522 

15,201 
19,633 
46,039 



Receipts, 



Coaching department 
Merchandise ditto 
Coal ditto • 



. £50,770 16 11 

- 41,087 19 5 

- 2,925 15 11 



£94,784 12 



Coach dls- 



Expenses. 

Advertising account .... 

Bad debt ditto ..... 

'Guards' and porters' wages,' 
1,1167 11 10.— Parcel carts, 
horse keep and drivers' wages 
L359 13 0.— Materials for 
repairs, 1.1007 9 7.— Men's 
wages, repairing, L1221 15 5 
KARi^i u«. 1 __g ^jj ^^ cordage, 

bursements. ^ ^^.^53' 15 6.J.Duty on 

passengers, Zi3008 1 11. — 
Stationary and petty expenses 
Zil65 2 5. — Taxes, insurance, 
&c. on offices and stations, 
t/i65 81L 

.Agents' and clerks' salaries, 
L1740 14 2.— Porters' and 
brakesmen's wages, horse 
ikeep, &c. Z5397 8 5.— Gas, 

Carryingdis. JeiJ' ^^°^' ^^^*^*&^; ^?: ^^°®' 

\..JL«.Liu \}^ 4— Repairs to jiggers, 

{trucks, stations, olc, Z>716 2| 

|8. — Stationary and petty ex 

penses, X<290 3 2. — ^Taxes, in 

surance, &rC. on offices and 

stations, £469 6 2. 



16 15 
75 12 




3 



^ 7,353 18 7 



bursements. 



9,322 11 11 



304 



APPENDIX. 



Locomotive 
power. 



Coal diflbiineriienU 
Carta^ (Manchester) 
Charge for direction 
Compensation (coaching) 
Compensation (carrying) 
Coach office establishment, (Agents* and 
clerks* salaries, IS15 I 11. — ^Rent and 
taxes, £63 11 ..... 
Engineering department - - - - 

Interest 

Coke and carting, L2882 U ^ 
4. — ^Wages to col^ fillers, and 
watering engines, ii3d6 19 5. 
— Gas, oil, tallow, hemp, &c 
£881 18 4— Copper and 
brass tubes, iron, timber, &.C. 
for repairs, £4140 19 6^— 
Men*s wages fbr repairing, 
L543Q 8 8. — Enginemen and 
firemen's wages, £836 14 3. 
— ^A new engine, £700. — 
Lathe engine, boiler and 
fixing fbr repairing sheds and 
(^watering stations, £380 6 4^ 
Law disbursements j . - . . 
^ Wages and small materials, 
V£4&1 2 5^-^tone, blocks, 
Maintenance )sleepers, &c £1482 18 7. — ^ 
of Way. ]New rails and chairs, points, 
# crossings, &c. £3153 1,4 5.*—' 
(Ballast and leading, £493 2 0.^ 
Office establishment, (Salaries £po18 14 4.—' 
Rent and taxes, £58 8 0) - - '• 

Police 

Petty disbursements .... 

Rent 

Stationary engine and tunnel disbursements, 
(Coal, £327 12 1.— Engine and brakes- 
men's wages, £385 7 0. — ^Repairs, gas, oil, 
tallow, &c. £273 111). 

Tax and rate 

/'Smiths' and joiners' wages 
ixr.»»«. Ai» \^T^^ 3 8. — Iron, timber, &c^ 
/^^° „^<£728 12 4.~Cordage, paint, 
burseraents. Vc. i,l09 19 2.^^;a^for 

Csheets, £240. 
Repairs to walls and fences 
Cartage (Liverpool) 



45 1 

2,988 6 3 

2H9 16 

26 3 10 

645 6 



678 3 

352 10 

5,546 4 



15,641 17.10 



100 0- 



9,350 17 5 



877 2 4 

1,016 18 1 

60 

363 11 11 



986 10 2 
1,778 16 10 



1,851 15 2 



644 11 
80 17 6 



£60,092 15 11 



Nett profit for six months .... 

Dividend per share of £100 .... 
Nott profit on Sunday travelling per share of £100 



- £34,691 16 4 
4 10 
5 2 



THE END. 
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